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CHLORINATION DOLLAR 


MUST BUY...AccURATE CONTROL 


T= LITTLE chlorine in the treatment of water or sewage is useless—too much, 
wasteful and unnecessary. To adequately perform its important task, 
chlorination must be accurately controlled. 


Every part of the W&T Visible Vacuum Chlorinator is built to a painstaking 
standard — every detail of design, calibration and manufacturing is checked 
and rechecked to insure accuracy over years of service. 


Visit a nearby installation. Notice the simplicity, ruggedness and fine 
workmanship. Note the absence of delicate parts or diaphragm valves — the 
ease of dis tling for cleaning or adjustment. 


You'll no longer wonder why leading engineers and sanitarians every- 
where endorse the W&T Visible Vacuum Chlorinator — nor why unfailing 


accuracy is the record of each installation. ATORRRES SRT 
ia 

Because of its low maintenance costs, tomorrow's taxpayers will also wioaied A 
endorse your choice — if you specify Visible Vacuum Control. -agitieelM ania) 
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if boron afte A 


METHODS OF TESTING AND SIGNIFICANCE OF — 
IN WATER 


(Assistant Sanitary Engineer, Bureau of Water Works and ee 
Los Angeles, Calif.) = 


Boron is a non-metallic element of the aluminum family. It never _ 
— occurs in the elemental state but its compounds are widely distributed _ 
-innature. Boron occurs principally as boric acid and borates (borax) _ 
_ and borosilicates most frequently in localities formerly or at present __ 
_-voleanic. It also forms several gaseous compounds, such as hydride, _ = 
- fluoride, etc., and this may account for its presence around hot 
springs, geysers, fumaroles, etc. There are some fifty-six known = 


METHODS OF TESTING 


There are three methods of testing for boron commonly used, only — z 
one of which is at present considered as standard. ; = 

1. Tumeric Method. This is a simple test developed by W. D. Br 
Collins of the United States Geological Survey and is more qualita-_ 
tive than quantitative. 

A small quantity of water, 10 cc., is acidified, 1 ec. of an alcoholic os : 
solution of tumeric added and the water evaporated to dryness in a 3 
white porcelain evaporating dish. A bright yellow color in the — = 
residue indicates an absence of boron while a rosy pink color indicates a. 


RAY L. [J. A. W. Wea, 
its presence. The intensity of pink color is proportional to the 
amount of boron present. Standards may be made up in a similar 
manner with known amounts of boron in water and the colors com. 
pared to obtain approximate quantities. 

2. Chapin Method. This method was the best in use until about 
four years ago. Although quite accurate it is somewhat tedious, § 
to 12 boron determinations being a good day’s work. 

The procedure consists in brief of evaporating about 23 liters of 
water, distilling with methanol to volitilize the boron as methyl 

orate and titrating with sodium hydroxide in the presence of sofnol 

red and phenolphthalein using mannite to release the boron as borie 
acid. 

3. Wilcox Method. This method is considered standard at the 
present time. It is very accurate and rapid, as many as 20 or 30 
determinations may be made easily in a day. 

With the Wilcox method, 250 cc. of water is acidified with sulfuric 
acid, sodium chloride is added to bring the chloride concentration to 
approximately 0.1 normal, and the solution boiled to expel CQ2. The 
solution is quickly cooled, and, using the quinhydrone electrode, 
made neutral by the addition of standard acid or alkali as necessary, 
Mannite is then added to release the boron as boric acid and the solu- 
tion titrated using. standard sodium hydroxide. A variation of this 
method was devised by Foote using phenol red as an indicator anda 
neutral point of pH 7.6 in place of the quinhydrone electrode. The 
electrometric method is, of course, the more accurate, particularly 
when dealing with colored waters. 

oT SIGNIFICANCE OF BORON IN WATER an 

In so far as is known, the presence of boron has little significance in 
a strictly domestic water supply. It is entirely different, however, 
when the water is used for irrigation purposes. Boron is of great 
importance to plant life and an excess or a deficiency in water or soil 
has a decided effect upon the plant, particularly the tropical types. 

The effect of boron upon plants was first noted about the time of 
the World War. Borax is a good larvacide and was used liberally at 
the various army cantonments to treat the manure from the picket 
lines. This manure was later sold to farmers for fertilizer with, in 
some cases, serious effects on their crops. 

The presence of boron in irrigation waters was not investigated until 
some time later. About 1926 or 1927 it was noted that citrus trees 
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BORON IN WATER 


oped peculiar symptoms of foliage similar to trees that had been 
under study for some time in other sections of the State. This waste 
water contained borax, used to wash and clean the fruit. Irrigation _ 
waters from various sources were then tested for boron and it was ri 
found to be present in all waters in amounts varying from less than 
0.1 to 5 p.p.m. or much more in many cases. ru 
Boron appears to affect principally the leaves or bark of plants, ; 
depending upon the type of plant considered. In citrus trees, boron 
appears to collect principally in the leaves, causing a leaf burn and 
subsequent partial defoliation of the tree. In the case of other trees — 
such as the stone fruits, prune and apricot, the accumulation of boron = 
is mostly in the bark, and formation of nodes and gumming results. = 
A deficiency of boron affects the younger leaves causing the apices to i 
die back and the terminal buds to die or become dormant. Other 
adverse leaf affects are also noticed. Boron deficiency in sugar beets — 
causes a shrivelling of the root and a lowering of the sugar content. 
The range between a deficiency and injurious amounts of boron, is 
in many cases a very narrow one and is different for practically every - 
plant. The U. S. Department of Agriculture has made three broad _ 
classifications of sensitive, semi-tolerant and tolerant plants. Citrus 
trees are the most sensitive with the lemon at the head of the list. _ 


About 0.5 p.p.m. is the maximum safe boron content for lemon and if “a 


some species of avocado trees, with 1 p.p.m. producing injury and ~ 
3 p.p.m. very severe injury and death. Sultanina grapes (Thompson _ 
seedless) are also placed in the sensitive class, but are more tolerant __ 
than citrus. These grapes show deficiency symptoms with 0.05 
p.p.m. boron, grow best with 1 p.p.m. and are injured severely with __ 
5 p.p.m. Cereals, olives, and cotton belong to the semi-tolerant nie 
group and are severely injured only when boron reaches a concentra- 
tion of 10-15 p.p.m. Carrots, onions, and beets are classed as toler- 
ant and will be severely injured only when boron reaches 25 p.p.m. 
ormore. Date palms and asparagus are extremely tolerant and will 
stand as much as 100 p.p.m. before showing severe injury. Date 
palms appear to require at least 5 p.p.m. boron for satisfactory _ 
growth to take place. : 

A close limit between injurious and non-injurious amounts of boron 
in irrigation water is difficult to set since the soil and rainfall also 
play an important part. In fact, it is the boron in the soil that is one 
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1452 RAY L. DERBY [J. A, W. We 
of the main criteria of potential injury to the plant. A light, wey 
drained soil will permit the water to leave the root zone and alloy 
rain water to wash salts from the root zone. On the other hand, g 
tight, heavy soil will hold the water in the root zone and permit g 
deposition of the dissolved salts after transpiration and evaporation 
have taken place. A tight soil will also prevent rain from washing 

_ these salts below the root zone. Some few soils may have base 
exchange properties and remove boron from the irrigation water by 
_ forming insoluble compounds. Such soils will, of course, permit g 
_ higher boron content of water with less corresponding injury to 
plants. 


REMEDIAL MEASURES FOR HIGH BORON CONTENT OF WATER 


There is no practical method for removing large quantities of boron 
from water. Experiments conducted in the laboratory of the Bureay 
_ of Water Works and Supply, Los Angeles, were successful in remoy- 
ing boron by treatment with various magnesium salts to precipitate 
insoluble magnesium borate. With an original boron content of 5— 
_ p.p.m. or more, a 20 to 40 percent reduction was obtained. The cost 
of chemicals and the resulting high alkalinity of the treated water 
Bs 11.2 or more) make this method impractical. 

The best method of boron removal is to remove the source of boron 
_ if possible. This may often be readily accomplished by excluding 
’ a certain spring, well, or stream, or by developing a new source of 
; supply of lower boron content. The increased use of fertilizers may 
_ sometimes compensate for a slight boron excess in the irrigation water 
- as nitrates appear to reduce the effects of boron in plants. If the 


soil is of a porous nature and good drainage is had below the root 
- gone, and the boron content of the water is not too great, the in- 
creased use of irrigation water may be of value in keeping the soil 
= concentration low. Territory with a plentiful rainfall will 
4 permit the use of a slightly higher boron concentration in the water. 


. ' BORON IN THE LOS ANGELES WATER SUPPLY 
The boron content of the Los Angeles water supply is of consider- 
able significance since a large part of the supply is used for irrigation 
in the San Fernando Valley. Several thousand acres in this Valley 
_ are planted to citrus trees and a heavy excess of boron in the water 
-means thousands of dollars loss or damage. 
The aqueduct supply which is used exclusively in San Fernando 
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Valley has its source in the snows of the east side of the High Sierras pte 
in Owens Valley, some 270 miles north of Los Angeles. The boron 
content of the aqueduct water reaching San Fernando Valley has — 
had a yearly average of from 0.6 to 0.9 p.p.m. for the past eight years. — 
The maximum boron content, however, has reached 1.0 to 1.5 p.p.m. _ 
some years and, unfortunately, has occurred in summer coinciding _ 
with the peak use of irrigation water. This has led the Bureau of | 
Water Works and Supply to make a very thorough study of the 
aqueduct supply with respect to boron. f 
As has been mentioned before, the aqueduct water comes from 
Owens River and is mainly snow water with some Valley runoff in-- 
cluded. For the greater part, Owens River and its tributaries are 
quite low in boron, seldom exceeding 0.2 p.p.m. One tributary, Hot 
Creek, however, is an exception. This creek enters Owens River _ 
from the west in Long Valley near the head waters of the River. 
Hot Creek starts originally at Mammoth Creek and hasaboroncon- 


passes through a deep canyon containing geysers, hot springs, and a : 
fumaroles, etc., and has the boron content increased to 3 or 4 p.p.m. be 
Several of deve springs have as much as 12 or 15 p.p.m. of boron. _ 
This stream carries about 500 pounds of boron per day throughout — 
the entire year. or 
A larger source of boron is the Hot Lake area adjacent to Owens | 
River south of Hot Creek. This area is probably an underground ~~ 
continuation of the same thermal belt crossing Hot Creek and has — 
many hot or boiling lakes, fumaroles, ete., all with a high boron 
content. These hot lakes bubble and stew by themselves during 
the summer and fall. The evaporation due to the high altitude and => 
summer heat permits little if any water to reach the river. During 
the winter, snow and freezing temperatures likewise restrict the small _ 
flow from these fumaroles to nearby areas. In the spring, however, __ 
warm rains and rising temperatures cause this entire mass of boron — 
impregnated ice and snow to move into the river within a relatively 
few days. The Owens River at the entrance to the Gorge at the __ 
south end of Long Valley will rise from a flow of about 150 to over 500 
second feet in a week and the boron content will increase from under 
0.5 to well over 3 p.p.m. in the same time. Under these conditions, 
the River will be carrying nearly four tons a day of boron into the 
aqueduct. Storage of 30 to 60 days in Haiwee and other reservoirs _ ( 
will flatten this peak out to one and one-half tons daily, but the | _ 
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timing is such that it reaches San Fernando Valley at the height of 
the irrigation season. This high boron runoff is dependent upon the 
snow and rainfall in Long Valley and elsewhere along the aqueduct, 

For the four years prior to 1933 the boron in the aqueduct averaged 
162 tons per year. For the years 1933-1935 this increased to 259 
tons yearly. This was contributed approximately as follows: 


tons per year 
° Big Springs (source of Owens River).......................... 20.5 
4 Other sources below Long Valley....................cceeceeen 35.7 
251.0 


Following comprehensive studies in 1933 and 1934, it was decided 
that since this peak of boron occurred over a period of two to four 
weeks in the spring, if the aqueduct flow was diverted elsewhere dur- 
ing this time the customary summer peak would be materially re- 
duced. Accordingly, in the spring of 1935 and again this year, when 
daily boron samples from Owens River showed a rapid increase 
coupled with an increase of river flow, the river water was spread to 
old irrigation ditches near Bishop or by-passed to Owens Lake. 
Haiwee Reservoir was drawn on for supply during this time. 

In 1935, water was spread from March 29 to April 12. About 6,000 
acre feet was by-passed to Owens Lake. A total of 27 tons was thus 
eliminated from the aqueduct that year. The boron peak at San 
Fernando did not exceed 1 p.p.m. at any time in 1935. This was the 
first time in several years that it did not rise about 1 p.p.m. boron 
and the yearly average of 1935 was lower than formerly. 

This spring, 1936, water was by-passed from February 13 to April 
21. About 23,000 acre feet was spread around Bishop and 20,000 
acre feet by-passed to Owens Lake. The heaviest runoff at the Gorge 
was between April 2 and April 20. The maximum runoff of 618 
second feet occurred April 14 with a boron content of 2.08 p.p.m. 
This is equal to 6,900 pounds boron daily. The maximum boron 
content of 3.17 p.p.m. was March 29 with a flow of 194 second feet or 
3,300 pounds daily. In all, over 78 tons of boron were eliminated 
from the aqueduct this year. This, in a three month period, would 
average about 0.85 p.p.m. and would increase the present content of 
San Fernando Reservoir from 0.65 to 1.5 p.p.m. It is expected that 
the boron at San Fernando this year will never exceed 0.65 to 0.70 
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p.p.m. This amount, although considered somewhat high, can » 
tolerated by citrus trees if other conditions are satisfactory. 
It is expected that, with the completion of the Mono Basin Project — 
and Long Valley Reservoir and a by-pass for this flashy runoff from 
the hot lakes around the reservoir, sufficient dilution will be obtained 
to reduce the boron content of the aqueduct to below 0.5 p.p.m. which 
is considered a safe value. ed 
The Los Angues Bureau of Water Works and Supply maintains a 


is kept on the of the water at all times. 


9 U. 8. Department of Agriculture, Technical Bulletin No. 448, 1935. nihaw 


(3) Industrial and Engineering Chemistry, Analytical Edition 2; 358-366. sf? 
_ (4) Industrial and Engineering Chemistry, Analytical Edition 4; 38-39. F 
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_ METHODS OF TESTING AND SIGNIFICANCE OF | 
FLUORINE AND FLUORIDES IN WATER 
SUPPLIES 


By JosepH M. SancuHis 


(Chief Chemist and Bacteriologist, Bureau of Water Works and Supply, 
Los Angeles, Calif.) 


This is a discussion of suggested procedures for the determination 
of fluorine, with particular emphasis on those specially adapted to 
water analysis, and an evaluation of its significance in drinking water 
in the light of recent findings. 

Although the presence, or absence, of some mysterious substance 
in water supplies had been suspected for over fifteen years as the 
cause of mottled tooth enamel, it was not until 1931 that conclusive 
evidence was obtained regarding the rédle played by fluorine in the 
production of this undesirable condition of the teeth. Since that time, 
an ever increasing amount of effort has been devoted to the study of 
this new public health problem. That all the time and energy spent 
in this endeavor is amply justified, can be readily seen when one con- 
siders the serious social and financial losses as well as the physical 
and mental suffering brought about by the disfiguration, weakening, 
and possibly premature loss of the teeth which result from the in- 
gestion of excessive amountsof fluorine during the period of formation 
of the permanent teeth. 

The main obstacle to rapid progress in the evaluation of the poten- 
tial toxicity of fluorine has been the lack of reliable analytical pro- 
cedures for the determination of the sources, the form and the 
amounts in which this element enters the body of those suffering from 
mottled enamel. It is, therefore, not surprising that most of the 
work done in recent years has been along the lines of perfecting the 
available methods of analysis for the estimation of fluorine. 


q 


- _ METHODS FOR THE QUANTITATIVE DETERMINATION OF FLUORINE 


The numerous procedures suggested for the determination of 
fluorine can be broadly classified into the following groups: 

1. Etching methods, in which comparative tests are made on the 
action of liberated hydtofuorie acid on glass or quartz. 
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9. Gravimetric methods, in which the fluorine is precipitated and 
weighed as calcium fluoride. 

3. Volumetric methods, in which the fluorine, after separation from 
interfering substances by distillation as silicon tetrafluoride, or as 
hydrofluosilicic acid, is titrated with a standard base or with a solu- 
tion of a metallic salt, such as thorium nitrate, which by reacting with 
a suitable indicator produce a color change when the end point is 
reached. 

4, Colorimetric procedures, in which comparisons are made on the 
color changes produced by different amounts of fluorine in the pres- 
ence of certain indicators. 

5. Spectrometric procedures, in which the dry residue, after 
evaporation in the presence of calcium, is placed in the anode of a 
carbon are. The time required for the calcium fluoride band to dis- 
appear, under proper conditions of excitation, is proportional to the 
amount of fluorine present. 

To these methods may be added the potentiometric procedure of 
Allen and Furman (1) which involves a volumetric precipitation of 
fluorine as cerium trifluoride and a new application of the ferri- 
ferrocyanide electrode. Some attempts have also been made to 
determine fluorine microchemically by counting the number of 
sodium fluosilicate crystals formed under standardized conditions. 
Still another scheme for fluorine analysis in water involves a compari- 
son of the results of histological examinations of the teeth of aquatic 
animals which have been exposed for some time to the water in 
question and of that of control animals which have lived the same 
length of time in fluorine free water. 

Of all the available procedures the methods in groups 3 and 4 are 
those most widely used in water analysis. Since the colorimetric 
tests are better adapted than the volumetric ones to the determina- 
tion of small amounts of fluorine, such as those usually present in 
drinking water, it seems advisable to limit the following discussion to 
the best known procedures of the colorimetric type. Of the early 
contributions, the methods of Steiger (2), Foster (3), and deBoer 
(4) deserve consideration. 

The method proposed by Steiger has been modified recently by 
both Wichmann (5) and Boissevain (6). The test is based on the 
bleaching action of fluorine upon a peroxidized titanium chloride 
solution Aside from the interfering action of substances usually 
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present in water, this procedure has the added disadvantage of not 
_ being sensitive to small differences in fluoride concentration. 
_ The Foster method is based on the fact that fluorides interfere 
with the colorimetric determination of ferric ions when using the 
standard thiocyanate procedure. The amount of fluorine present in 
the sample is proportional to the amount of added ferric ions which 
fail to give the thiocyanate test. The most serious disadvantages of 
- this method are: the large number of substances present in natural 
waters which affect its accuracy, the difficulty in which small dif- 
Bhs coreth in color shade can be detected, using Nessler tubes or the 
-Dubosceq type colorimeter, and the short time available for compari- 
son of the unknowns with the standards, due to the rapid fading of 
the color. Although attempts have been made to improve this test 
_ by substitution of acetylacetone for the thiocyanate indicator and 
by the use of photronic colorimeters, it is very doubtful if these re- 
_ finements in procedure can do more than increase the precision rather 
_ than the accuracy of the method. 
_ The procedure of deBoer has been modified by Casares (7), Thomp- 
son and Taylor (8), Elvove (9), and the writer (10). In this method, 
use is made of the fact that, in an acid solution, fluorides cause a 
zirconium-alizarine mixture, or a solution of purpurin (1,2,4,tri- 
hydroxyanthraquinone) to change color from pink to yellow, the 
quantity of fluorine present being estimated by the amount of fading 
of the pink color. The presence of aluminum, sulfates, arsenates, 
phosphates, borates, silicates, iron, and oxalates interfered more or 
less seriously with the original procedure. In solutions of high 
acidity, however, considerably fewer substances interfere and often 
a long separation of the fluorine from interfering substances can be 
dispensed with. This hydrochloric acid treatment does not prevent 
the objectionable effects of sulfates. 

To eliminate this interference, Elvove suggested the preparation of 
synthetic water standards having the same concentration of sulfate 
as the unknown. The high sensitivity of the zirconium-alizarin indi- 
cator to relatively small differences in sulfate concentration almost 
necessitates the preparation of a different set of standards for each 
sample to be analyzed. Aside from the large amount of labor in- 
volved by this procedure, the increased chance of error, due to extra 
manipulation, and the necessity for making an accurate determina- 
tion of sulfates on each sample to be analyzed for fluorides, seriously 

limit the of thet test. 
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While making a fluoride survey of the Los Angeles water supply, 
under the direction of Messrs. H. A. Van Norman and R. F. Goudey, _ 
the writer noticed that the objectionable interference of sulfate on 


the zirconium-alizarin test could be successfully and conveniently — 


eliminated by substituting one-half of the amount of hydrochloric 
acid to be added to both the unknowns and the standards by an 
equivalent amount of sulfuric acid. Under these conditions, it was 
necessary to readjust the concentration of indicator in order to ob- _ 
tain a color range, varying from pink to yellow-green, which would — 
permit an easy matching of the standards with the unknowns. 


TABLE 1 


Fluoride recoveries by the Sanchis modification of the zirconium-alizarin test 
before and after separation from possible interfering substances 
present in natural waters 


FLUORIDE IN FLUORIDE RECOV- 
LABORA- SAMPLE, P.P.M. ERED, P.P.M. 

B After | ‘peu. | By | After 

= method | tion method | tion 
780 | LeeVining Creek 0.3 0.2 1.0 1.2 1.3 
Ss 779 | Grant Lake 0.2 0.3 1.0 1.2 1.2 
Bl Thompson’s Ranch 0.1 0.1—| 1.0 1.0 1.1 
8 Hot Creek at County Bridge} 0.8 0.8 1.0 1.8 4.7 
777 | No. Haiwee Res., Inlet 0.3 0.4 1.0 1.3 1.3 
740 | Upper San Fernando, Outlet | 0.7 0.8 1.0 1.6 1.7 
796 | Mission Wells 03 | 04 | 10 | 1.3 | 1.4 
791 | Pirtle Cut 0.5 0.6 1.0 1.6 1.7 
1634 | Headworks Galleries 0.4 0.5 1.0 1.4 1.5 
1635 | Crystal Spgs. Galleries 0.4 0.4 1.0 1.4 1.4 
169 Pollock Wells 0.6 0.5 1.0 1.5 1.4 
Distilled Water 0 0 1.0 1.0 1.1 
Distilled Water 0 0 2.0 2.0 2.1 


The results of several hundred determinations made with synthetic 
waters, by the writer’s modification of the zirconium-alizarin pro- 
cedure, indicate that chlorides, sulfates, bicarboaates, sodium, cal- 
cium, and magnesium up to 500 p.p.m.; manganese up to 200 p.p.m.; 
silicates up to 50 p.p.m.; phosphates, boron, copper, and iron up to 
5 p.p.m.; sulfides up to 2 p.p.m.; and aluminum up to 0.5 p.p.m. do 
not interfere with the quantitative determination of fluorides. This 
method has been used at the Sanitary Engineering Laboratories of 
the Los Angeles Bureau of Water Works and Supply since June, 
1933, as well as by other investigators who have found it to be reli- 
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able, and specially adapted to routine determinations 
EP « i yhen a large number of samples is to be analyzed at any one time. 
: “ny Table 1 shows a comparison of the results obtained by the writer's 
te = colorimetric procedure and by this procedure after the fluorine 
; has been separated from possible interfering substances by distillg- 
as hydrofluosilicic acid. 


 Pluoride recoveries by the Sanchis modification of the zirconium-alizarin test 


4 before and after separation from interfering substances 
INTERFERING SUBSTANCE, P.P.M. FLUORIDE RECOVERED, P.P.u. 
FLUORIDE 

0 0 0 0 0 0 
0 0 0 1.0 1.0 1.1 
0 0 0 2.0 2.0 2.0 
0.5 0 0 2.0 2.0 2.1 
1.0 0 0 2.0 1.8 2.0 
ae 1.5 0 0 2.0 1.6 2.0 
2.0 0 2.0 1.4 2.1 
oe 2.5 0 0 2.0 1.3 2.0 
a 3.0 0 0 2.0 x4 1.9 
4 50.0 0 0 1.0 1.1 
¢ 100.0 0 0 1.0 1.0 
é 150.0 0 0 1.0 1.0 
50.0 0 0 2.0 2.1 
100.0 0 0 2.0 2.0 
150.0 0 0 2.0 2.1 
0 50 0 1.0 1.0 
0 50 0 2.0 1.9 
ds) 0 150 0 2.0 win? 2.0 
vot 0 0 5 1.0 | 1.0 
0 0 10 1.0 1.1 


The above data show agreement, within 0.1 p.p.m., of the results 
obtained in the presence and those obtained in the absence of the 
normal constituents of the waters analyzed. 

In the case of unusual waters and of treated waters in which the 
concentration of interfering substances exceeds the limits of toler- 
ance previously mentioned, it is the opinion of the writer that far 
more reliable results can be obtained with less effort by isolating the 
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fluorine as hydrofluosilicic acid prior to making the colorimetric =: 
than by any attempt to compensate for the presence of uncertain 
amounts of interfering substances by preparing synthetic standards — be - 
of the same mineral composition as the unknowns. a y 
The separation of fluorine from interfering substances can be con- _ 
veniently made by the steam distillation modification of the Willard — 
and Winter method (11), recently suggested by Hoskins and Ferris __ iy 
(12). The ease in which the distillation temperature can be — a 
trolled by this procedure allows the analyst to carry on two simul- | 
taneous separations without great inconvenience. Since it takes _ 
about a half hour for each distillation, it is easily possible to make 
from ten to twenty determinations in one day. The distillation pro- te 
cedure, however, requires more than ordinary care and, in the hands _ in 
of an inexperienced worker, the results may be disappointing. ay 
Table 2 shows the fluorine recoveries obtained in the presence of — 
interfering substances by the direct colorimetric and by the same | 
procedure after isolating the fluorides from interfering substances by _ 
the modified fluosilicic acid distillation. The data in this table show 
plainly the serious interference of aluminum ions on the direct deter- _ 
mination, and the effectiveness in which the distillation procedure 
_ isolates the fluorides from unusually large amounts of interfering bald 


As a matter of convenience for those interested, detailed descrip- ae. 
tions of the colorimetric procedure for the determination of fluorine m # Fa 
and of the steam distillation method, as used in the Los Angeles ‘ne. 
laboratories, have been appended to this article. 

In the matter of analytical procedures, definite progress has been — ce 
made and reliable methods are now available for the quantitative _ <a 
determination of fluoride in water. 


} 
SIGNIFICANCE OF FLUORIDES IN WATER SUPPLIES 


Although there is as yet no complete understanding of the potential 
toxicity of fluorine in the various forms in which it may enter the _ 
body nor of the extent to which the fluorine ingested through articles 
of diet other than water contributes to the development of mottled Ps 
enamel, sufficient data have been accumulated to justify a few broad io 
generalizations on this phase of the problem. Again, the lack of b * 
adequate means of analysis, in this case for the determination of eS Ez; 
fluorine in food products, has been the greatest handicap facing the x we ne 
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workers in this field. 
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Smith and Leverton (13) have shown that the fluorine ingested jn 
the form of highly soluble inorganic compounds, such as sodium 
fluoride, is more toxic than equivalent amounts entering the body in 
a less soluble form, such as calcium fluoride. At the same time it may 
be inferred, from our knowledge of the physiological behavior of other 
elements, that the organically combined fluorine will be much lesg 
_ harmful than equivalent amounts ingested in an insoluble inorganic 
form. - If this supposition is proved to be true by future experiments, 
it. is easy to see that the fluorides in drinking water, through their 
highly ionized state, could easily become an important contributing 
_ factor in the production of mottled enamel. 

For a time, it seemed as though the increasing use of fluorine com- 


_ health than that of high fluoride water supplies. However, since this 
; man-made source of contamination is now being materially reduced 


> _ through education and legislative action, it ceases to have the signif- 
an  ieance attached to the fluorides in drinking water which have proved 
so difficult to bring down to a safe level by practical and economical 
methods of treatment. 

. _ Fluorine may also gain access to fruits and vegetables through the 
root system, when present in the soil solution. Recent investiga- 
- tions (14) have shown that the fluorine content of plants irrigated 
_ with high fluoride water, or grown in fluoride bearing soils, was 
greater than that of controls cultivated in a relatively fluorine-free 
medium. The lack of knowledge as to the form in which this fluorine 
is present, however, makes difficult the evaluation of its possible 
toxic effects. 

Somewhat better understood is the fate of fluorine in the animal 
- body. Chang, Phillips, and Hart (15), while studying the effect of 
- feeding fluoride-bearing phosphates on the fluorine content of organs 
and tissues of dairy cows, noticed that, although fluorine was found 
in all normal tissues examined, the greatest quantity accompanied 
calcium and phosphorous deposition. Thus the bones and the teeth 
contained large quantities of fluorine while the more active organs, 
such as the liver, kidney, heart muscle, and other tissues studied, 
showed only small amounts. An increase in fluorides in the feed 
always resulted in an increased storage of this element in the bones 


ay pounds in insecticidal mixtures for the spraying of fruits and vege- 
aoe tables threatened to become as great, if not a greater menace to public 
er 
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Phillips (16) has also shown that the fluorine content of cow’s milk 
is not appreciably increased as a result of feeding fluorides in enough 
quantities to produce a serious toxic effect upon the cows themselves. 
Similar observations have been made by Costantini (17) on the effect 
of ingested fluorides upon the fluorine content of goat’s milk. The 
importance of these findings can be readily appreciated when it is 
realized that large amounts of dairy products are used in the diet of eae 
children during the period of calcification of the permanent teeth. a 

It appears, then, that although little trouble should be expected _ 
from animal jiésdbdete it is possible that the fluorine derived from 
vegetable origin may contribute appreciably to the production = 
mottled enamel. 

Under these circumstances, the fluoride content of drinking water _ 
acquires special significance as a factor in the prevention of proper __ 
tooth calcification. Although one part per million is now being 
advocated as a safe upper limit, it seems that an intelligentevaluation —_ 
of the toxic power of a given amount of fluoride in the water supply _ is 
will only be possible after all the doubtful points of the a 
enamel problem are better understood. 


Colorimetric procedures have been found specially adapted to the abs 
quantitative estimation of the small amounts of fluorides present in . 
drinking water. Of these, the procedures using the zirconium-ali- _ 
zarin reagent have proved of more general application. 

The distillation of fluorine as hydrofluosilicic acid has been found 
satisfactory for its isolation from interfering substances which may __ 
be present in the case of treated or unusual waters. Resultsobtained 
by the writer’s procedure before separating the fluorides from the © 
normal constituents of fresh waters agree within 0.1 p.p.m. with those _ 
obtained after isolating them by distillation. 

Although our present knowledge does not allow an exact evaluation | pts 
of the relative significance of the two natural channels of fluorine © 
intake, food and water, the following generalizations appear justified : ba 
in the light of recent findings: 

With the possible exception of vegetable products, the amount of ay 
fluorine entering the body through articles of diet other than water — te 
does not appear to be significant. te 
r The toxicity of equivalent amounts of inorganic fluorine com- 
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pounds have been found to be somewhat proportional to their goly- 
bility in water. Hence, the fluoride content of drinking water be. 
comes a major factor in the production of mottled enamel. 

More information is needed on a few remaining doubtful points of 
the mottled enamel problem before an intelligent estimate of the 
potential toxicity of a given amount of fluoride in the water supply 
can be made and a safe limit be established. nu oa Der ha 
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DETERMINATION OF ELUORIDES BY THE SANCHIS MODIFICATION OF THE _ 
ZIRCONIUM-ALIZARIN METHOD 


Reagents 
Standard Sodium Fluoride Solution. Prepare a stock solution containing | 
2.21 grams of C.P. dry sodium fluoride per liter. Dilute 10 ml. of stock solu- _ 
tion to 1 liter (1 ml. equals 0.01 mg. of fluorine). : 
Indicator. Prepare a stock solution as follows: (a) Dissolve 0.17 gram of 
alizarin sodium sulfonate in 100 ml. of distilled water. (b) Dissolve 0.87 gram 
of crystalline zirconium nitrate, C.P., in 100 ml. of distilled water. J 
Add (a) to (b) slowly with constant stirring. Shake at intervals and allow 
to stand overnight. Dilute 20 ml. of stock solution to 100 ml. to serve as 
indicator. When not in use, teas, solutions are best keptina cool dark closet. 


Sulfuric acid, 3n. 

Preparation of Standards. <4 
To each of a series of nine 250 ml. Erlenmeyer ‘faike add 0, 2.5, 5.0, 7.5, as: 

10, 15, 20, 25, and 30 ml. of standard fluoride solution (1 ml. equals 0.01 SS 

of fluorine) made up to 100 cc. with distilled water. in 
The suggested standards cover from 0 to 3 p.p.m. of fluorine, which is a 5 

suitable range for the investigation of potable water. The fluoride content aoe 

of the unknowns can be estimated to the nearest 0.1 p.p.m. by interpolation. _ 


These standards are treated in a manner identical forthe == 


A 100 ml. aliquot of the cunin to be analyzed, freed from turbidity and _ 
suspended solids by filtration if necessary, is placed in a 250 ml. Erlenmeyer 
flask. To each 100 ml. aliquot thus measured and to the prepared standards, _ 
add exactly 2.0 ml. of 3n hydrochloric acid, 2.0 ml of 3N sulfuric acid, and 
2.0 ml. of indicator solution.! a 

Place flasks on a hot plate. Bring the contents rapidly to the boiling point 


! The intensity and shade of the color produced depend on the concentra- _ 
tion of indicator and of each of the acids in the aliquots. It is therefore 
necessary to add identical amounts of these reagents to both standards and 
unknowns in order to obtain the maximum possibk accuracy in the determina- — 
tion. The use of narrow-bore 2 ml. pipettes has been found satisfactory for — 
the addition of acids and indicator. 

The addition of the acids may be facilitated by mixing thoroughly equal 
volumes of the two 3n solutions and adding 4.0 ml. of the combined acids to 
both samples and standards. 
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and remove soon after boiling begins. Do not allow to boil vigorously nor to 
simmer for a long time. 

Four hours after cooling, or the following day, transfer the standards to 
properly labeled 100 ml. matched Nessler tubes and make up to the mark with 
distilled water. Transfer each of the unknowns, in turn, to a 100 ml. Nessgler 
tube and compare its color with that of the standard. 

If a reddish precipitate appears in any of the aliquots after cooling, disperse 
it by rapid whirling of the contents of the flask prior to their transfer to the 
Nessler tube and proceed with the determination as usual. 

The permanency of the color allows the estimation to be made whenever 
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Fic. 1. Apparatus UsED FOR THE STEAM DISTILLATION OF FLUORINE AS 
B, auxiliary boiling flask; 
‘thermometer; 
D, claissen distilling flask; 
C, condenser. 


to 


convenient, within a day or so, after 4 hours following the heat treatment, 
provided that the samples and standards are treated at the same time and in 
an identical manner. 


STEAM DISTILLATION FOR THE ISOLATION OF FLUORINE FROM INTERFERING 
SUBSTANCES AS HYDROFLUOSILICIC ACID 


Reagents jo sro 
Concentrated sulfuric acid, C.P. od 4am zbine Jy, 
Silicic acid powder, C.P. hon owt ody lo 


Glass beads, 3 mm. diameter. Amebasts bas eslqmas 
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Red litmus paper. any edT oved to 
Sodium hydroxide solution, 4 percent. 
Apparatus wit te of T 

The apparatus used is shown in figure 1. Hulliteih vot? “f to 

It consists of a 250 ml. capacity Claissen flask which is connected to a 
Liebig condenser of 300 mm. jacket length. The neck of the distilling flask 
carries a perforated rubber stopper which supports a 200°C. thermometer . 


a6 mm. O.D. glass tube. This tube reaches down to the bottom of the flask 
and is used to lead the steam, generated in an auxiliary boiling flask of one 
liter capacity, into the sample being distilled. 

The perforated stopper on the auxiliary boiling flask carries, besides a 
steam outlet, a 7 mm. O.D. glass tube three feet long which extends benath 
the surface of the water in the flask and has for its purpose the release of 
surges of pressure. 

Two ring stands, two buret clamps, two clamp rings, two wire gauze = 
squares, a condenser clamp, several feet of rubber tubing, two gas burners, _ ; 
and two screw clamps complete the needed equipment. 

Procedure 

Place a small piece of litmus paper in a 150 ml. aliquot of the sample and 
add 4 percent sodium hydroxide solution, dropwise, with constant stirring mn 


until the litmus paper turns blue. Remove the litmus paper with the stirring 

. rod and boil down the sample to a volume of 50 ml. If the aliquot has appre- 
he - eiable quantities of calcium and magnesium, a decided floc will be formed _ 
during this operation. 


After cooling the sample, just enough concentrated sulfuric acid is added, 


dropwise, to redissolve the floc and the material deposited during evaporation 
£ on the sides of the beaker. The temperature of the solution must not rise r 
appreciably throughout this operation. * 


Place 5 glass beads and 0.2 gram of silicic acid powder in the Claissen dis- 
tilling flask. The prepared sample is then carefully transferred from the 
beaker so as to rinse down any silica powder which may have adhered to the . 
neck of the flask, finishing the transfer by rinsing with distilled waterfroma  =— 
wash bottle. “3 

While keeping the contents of the distilling flask cool, by allowing iid. a 
water to flow slowly on the surface of the flask, and in constant motion, add _ 
carefully 10 ml. of concentrated sulfuric acid. - 

Connect the distilling flask to the steam generator and condenser and start p, vials 
the distillation by raising the temperature of the contents of the distilling 
flask slowly, until it reaches 100°C. After 5 or 10 ml. have distilled over, the — 
burner’s flame is increased sufficiently to allow the distillation to proceed at _ 
about 30 drops per minute. In the meantime, the water of the auxiliary flask 3 
is brought to the boiling point and maintained there without allowing an Ra 
appreciable amount of steam to come into the distilling flask until the temper- 
ature reaches 135°C. At this point, the burner flame under the boiling flask 
is increased and that under the distilling flask is decreased as much as neces- 
sary to maintain the temperature of the contents of the distilling flask at 137° 


— to 140°C., while distilling at th te of about 70 drops per minute, until | 
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150 ml. of distillate have been collected. The gas flames may be controlled 
conveniently by means of screw clamps. 

The syphoning of the contents of the distilling flask into the boiling flagk 
while cooling, after distillation is over, may be prevented by placing a pinch 
clamp on the rubber tubing which connects the two flasks. 

For success in the distillation, a steady rate of distillation at the specified 
temperature must be maintained and the contamination of the delivery tube 
of the distilling flask by spray, which results from bumping, or by the careless 
addition of sample and reagents must be avoided. 

A representative 100 ml. portion of distillate is measured out into an Erlen- 
meyer flask and the fluoride determination is carried on as outlined above for 
the colorimetric test. 

If 150 ml. of sample are used and 150 ml. of distillate collected the color 
standards will give directly the amount of fluoride in the original sample of 
water. 
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PLANKTON AND INSECT LARVAE CONTROL IN: wee 

CALIFORNIA WATERS 


By G. E, ARNOLD 


(Water Purification Engineer, Water Department, San Francisco, Calif. aa 


Plankton and insect larvae are of interest to water works men as 
- gome of the plankton are known to create objectionable tastes and | s 
odors in water and insect larvae are objectionable to the aesthetic vans 
~ gense of water consumers. This paper will deal with the occurrence 
and methods of controlling these organisms in California waters. i" 
gh a Much has been written on the subject of plankton and its control aes 
| af California does not differ much from other parts of the ouitey 

in this regard, so the major portion of this paper will deal with insect 

larvae and their control. 

Limnology is that branch of science which deals with biological re 
productivity of inland waters and with all of the casual influences aa 
which determine it. Divisions of the subject of limnology include 
plankton and insect larvae. Plankton is defined as those free floating _ ee 
organisms which are commonly found in water and do not possess — 
strong powers of locomotion. The majority are microscopic in size. 
Some of the larvae might be classed as plankton, but for the purposes 2 


of this aper they will be considered individually. ; 


The warm temperate to sub-tropical climate of California iscon- 
ducive to the growth of algae. Particularly along the coastal plain — 


increase water temperatures. Rain seldom falls between May and 
October and early fogs usually clear by mid-morning, resulting in 
warm sunny days. These factors, together with waters of fairly high — 
organic content, produce abundant growths of algae and plankton. | 
The diatoms, greens, blue greens and protozoans are the most trouble- 
some groups, which, together with some rotifers and crustaceans, — 
make up the bulk of the plankton growths of California waters. Cer- — 
tain forms of these groups, with the exception of the rotifers and crus- _ 
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ol distillate have 
taceans, produce an objectionable taste and odor in the water, render- 
ing it unsatisfactory for domestic use. 

To avoid the production of these objectionable qualities the 
growths must be treated with some agent which will destroy or retard 
them and at the same time be economical to use and not render the 
water unfit or dangerous for human consumption. The agents prin- 
cipally used for this purpose are chlorine and copper sulphate. 

Chlorine is a fairly effective algicide and has been used to some 
extent for this purpose. It is effective only as long as a chlorine 
residual can be maintained, which is usually a very short time, 
Being a gas of low solubility it is difficult to apply without the use of 
expensive equipment and must be handled in heavy containers. The 
use of ammonia and chlorine results in a more persistent chlorine 
residual, but has the disadvantage of leaving free ammonia in the 
water which acts as an excellent source of food for the algae and results 
in rapid re-growth. 

Copper sulphate is much more toxic to algal growths than chlorine 
and is the agent commonly used to treat water supplies. Copper 
sulphate is not toxic to humans in the concentration in which it is 
used as an algicide, it is not a cumulative poison and is, therefore, 
safe to use in a domestic water supply. The chemical is manufac- 
tured in solid crystalline form and is readily soluble in water. Its 
effectiveness persists over a period of days and is readily distributed 
over the surface of a reservoir. It is carried to a limited extent by 
wave and wind action in solution. 

In a series of studies made by the San Francisco Department we 
have found that the concentration of copper at the surface was 1 to 
2 p.p.m. immediately after the passage of the boat and that the copper 
descended through the depth of the reservoir at 20 to 30 feet per hour. 
In some cases the copper solution descended in a definite layer leav- 

ing but a trace of copper above it, in other cases the solution diffused 
through the full depth of the reservoir with about the same concen- 
tration, except in the top ten feet where the concentration remained 
higher. In all cases, copper was found to remain in solution for 96 
hours after treatment. The solution was carried as much as 400 feet 
an hour across the reservoir surface with a fifteen mile wind blowing. 
Without wind the solution was carried a comparatively short dis- 
tance. 

Copper sulphate has been used as an algicide for the past thirty- 
i years and during this time a number of improvements 
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_ pumped through an injector throat creating a suction at the con- A 
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made in methods of applying the chemical. The old orthodox 

method of applying the chemical is that of placing it in sacks which 

are dragged through the water behind a boat, the water wa 

through the sacks dissolving the chemical. In some instances several — 

sacks have been placed along a boom across the boat to cover a wider — 

area with each trip of the boat. In some places the chemical ae 

dissolved in tanks, the solution being pumped through sprays over te 2 

surface of the water. wh 
Sopp at Pasadena has developed a method of hanging solution xf 

tanks over the side of the boat, the momentum of the boat lifting water — ie ae 


into the tanks through scoops. The solution isthensprayedoverthe 


surface of the water from the tanks without the use of pumps. 


Goudey at Los Angeles has developed a method of scattering te 
dry crystals over the surface of the water, utilizing a specially 


designed power-driven scattering disc. He uses a granular copper — 
sulphate, varying the size of the crystals with the depth to which he _ 
wishes them to penetrate the water before completely dissolving. 


to carry the crystals. A small power driven pump is mounted in the 4 2 
boat, taking suction directly from the reservoir. The water is eee 


stricted section. At this point a side opening admits copper sulphate _ es 
crystals which are carried with the water through spray nozzles over wee 
the surface of the reservoir. A one-horse power gasoline engine is fis 4 
used, pumping 45 gallons per minute at a pressure of 30 pounds. ¢ a 
Dosages may be varied as desired by the amount of chemical fed __ 
through the machine, feed rates as high as 1000 pounds an hour being © 
achieved. An area fifty feet wide may be effectively covered by this 
method, permitting the boat to be kept in deep water while spraying i 
the chemical along the shallow edges of the reservoir. OT, 

All of these methods have certain advantages and disadvantages. _ 
The method of dragging sacks through the water behind a boat is | 
simple and requires no mechanical equipment. On the other hand, — Z 
it is slow, covers a small area of water surface at one time and the 
dragging mains greatly reduce the speed of the boat. 2 

The solution spray method requires the use of a power driven pump — 
and increases the which the boat must carry, due 
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the weight of the water required for solution of the chemical. At 
70°F. a saturated solution will contain about one pound of copper 
sulphate for each three pounds of water. Because of the time re 
quired to dissolve the chemical, several times this volume of water js 
normally used. This method does, however, permit a wider area 
being covered at a time, as the solution may be sprayed a considerable 
distance. 

The Pasadena method does not require the use of mechanical 
equipment, but the capacity of the apparatus is limited to the amount 
of water that may be picked up by the forward motion of the boat 
and because of the low pressure available the spray is limited to a 
small area. The water in the solution boxes adds much to the weight 
that must be carried by the boat. 

The Los Angeles method has the advantage of covering a large 
area and of depositing the chemical directly on the surface of the 
water. The very fine crystals will float on the surface until dissolved 
and the coarser crystals will dissolve as they descend, effectively 
treating the deeper growths. It has the disadvantages of requiring 
mechanical equipment and of scattering finely divided chemical in 
the air where it is apt to blow back onto the boat, damaging exposed 
metal and requiring the operators to wear respirators. 

The San Francisco method requires mechanical equipment, but has 
the advantages of covering a wide area and of depositing the chemical 
on the surface of the water. By using water as a vehicle it prevents 
the blowing of dry chemical onto the boat and does not require that 
the operators be protected by respirators. The amount of water 
required to be pumped is small compared to that required by the 
solution method. The apparatus is light, readily portable and may 
be used from a reservoir bank without a boat. This feature makes it 
especially useful on small reservoirs. 

The methods of measuring and evaluating plankton growths and of 
determining when reservoir treatment is advisable, have been ade- 
quately covered in the literature so this paper will not deal with this 
phase of the subject, except to say that in the San Francisco Bay 
region we find it necessary to treat reservoirs on an average of three 
times a year. Our normal copper sulphate dose is about one pound 
per million gallons of total storage. This is roughly equivalent to 
4 pounds per million gallons for the top 10 feet of water or 13 pounds 
per acre of water surface. 

This dosage is occasionally increased for certain 


organisms. We 
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have tried decreasing the dose at times, but have found that these ae. = 
treatments are effective for a limited time only and that the treatment Ee ve 
had to be repeated within three or four weeks. 
In the southern part of the state and the inland valleys, where 
temperatures are higher, treatments must be made more frequently 
than in the Bay Region, dosages are approximately the same. 


Some insect larvae are mic roscopic in size and are not of iene 
importance to water works men. This paper will deal only with 
larvae that are large enough to be seen by the naked eye andthereby __ 
become objectionable in a domestic water supply. : 


One of the most common of the larva, which has caused trouble in 
domestic water supplies, is the larva of the aquatic fly Diptera 
Chironomous, commonly known as blood warm because of its bright 
red color. The fly, which closely resembles the common mosquito, — 
deposits its eggs on weeds, floating scum or on the surface of the — 
water. The eggs sink to the bottom and within a few days producea _ 
red worm. The worm builds a sheltering tube over itself, fastened to 
the bottom or side of the reservoir. It later emerges from the tube 
and passes from the larvae through a pupal stage to the fly stage of 
an adult. A complete generation takes about five weeks. 

The appearance of chironomous larva has been noted in a number 
of places in California and is always associated with an uncovered 
reservoir. Control of this organism is very difficult. The larvae 
will withstand chlorine concentrations as high as 50 p.p.m. witha 
contact period of twenty-four hours. Copper sulphate at 50 p.p.m. | 
is ineffective. 2 

Draining and cleaning a reservoir will afford temporary relief, but — 
reinfection may occur within a few months, although some reports 
are that trouble was experienced only every two or three years. 

The only satisfactory method known for control of this organism is 
that of covering the reservoir with an insect-tight roof. The fly, being 
small, can crawl through cracks and small openings to reach the water 
and deposit eggs, so a tight cover that will effectively protect against 
the insect is essential. Only during the larval stage is the fly objec- 
tionable in a water supply. 
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Mosquitoes 


* The common mosquito, Diptera Culicidae, is a frequent inhabitant 
of open water pools. The adult mosquito deposits its eggs on the 
surface of quiet water or in wet mud. A complete generation takes 
place in about ten days. The average life of adult mosquitoes jg 
thirty days, although in hibernation they may live as long as seven 
months, which explains their recurrence the following season. 

The mosquito is not of particular importance to a domestic water 
supply, except in the adult state, when it becomes a pest to those 
working or living near an open reservoir or pond. In a few cases 
some trouble has been experienced from larvae where surface water 
has been drawn from a quiet pool for domestic use, larvae being 
carried with the surface water into the system. The larvae may 
become very numerous under ideal conditions, one case having been 
reported of counts as high as 5600 larvae per square foot of water 
surface. Adult mosquitoes do not fly long distances, usually being 
confined to within a few hundred yards of their breeding place. Pre- 
vailing winds, however, may carry them several miles. 

The common mosquito is not disease bearing, but there are types, 
known commonly as yellow fever and malaria mosquitoes, that do 
transmit these diseases. 

The yellow fever mosquito prefers temperatures above 80°F. and 
due to the cool nights is not found in California north of San Diego. 
Malaria mosquitoes are, however, more general throughout the state. 
Disease bearing mosquitoes usually breed around human habitations 
and are not of particular interest to water works men. 

There are several methods of controlling mosquitoes, the most 
effective method is that of drainage. A quiet pool of water that will 
not be disturbed for eight or ten days is an absolute essential to the 
life of mosquitoes and its removal or destruction terminates the re- 
production of the insects. 

Other methods of control are stocking the pools with larvae-con- 
suming fish or by the application of oil or a larvicide. These methods, 
however, give but temporary relief. 

From a water works standpoint drainage must be applied to 
reservoir edges, gathering basins or other areas that tend to remain 
quiet without disturbance of the water’s surface. A reservoir main- 
tained at about the same water height over a long period is apt to 
become a breeding place for mosquitoes, if there are coves or sheltered 
areas around the edges not disturbed by wave action. = 
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Another place where mosquitoes breed is in slow moving streams 
which are choked with weeds and give the water a chance to stagnate. 
These condtions may be rectified by steepening reservoir banks and 
eliminating quiet coves around the reservoir or by removing obstruc- 
tions from streams and clearing out the weeds. 

One of the breeding sources of mosquitoes in California is the salt 
marshes along the coast and around the coastal bays. Much correc- 
tive work has been done to eliminate these breeding places for mos- 
quitoes in California. In nearly all of the coast counties there are 
mosquito abatement districts, financed by taxation, which are quite 
effective in controlling mosquito growths. 

Drainage, for the most part employed as a means of controlling 
mosquito growth, is augmented to some extent by the application of 
oil or larvicide. The dry summers prevailing in’ California favor 
permanent corrective work because pools of standing water, drained 
off at the termination of the rains in spring, remain dry for the rest 
of the summer. 

The second most effective means of controlling mosquito growth 
is by the application of oil to water surfaces. The oil generally used 
is light, as this oil sprays most readily over the surface without break- 
ing up into patches, as does heavy oil. Kerosene is frequently used 
for this purpose and is quite effective. ‘The oil is usually sprayed 
over the surface of the water rather than poured on the water with 
dippers, as spraying gives a thin film over a large area. Oil, however, 
is but a temporary means of control as it will rather rapidly evaporate 
and must be applied every two to four weeks. Oil may be success- 
fully used on a domestic water supply if the water intakes are some 
distance below the surface so that oil will not be drawn into the 
system. 

Copper sulphate is occasionally used as an algicide, although its 
principal use in this connection is for killing the algae which tend to 
reduce the effectiveness of oil or other larvicides. 

Paris green and tobacco extracts are sometimes used as larvicides. 

Copper sulphate is safe to use in a domestic water supply, but 
other larvicides should be used with caution as they may produce 
taste or odor in the water or may even be dangerous for human con- 
sumption. These larvicides are used to some extent in irrigation or 
salt waters in California, but there are no cases on record of their 
being used on a domestic water supply. 
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Much has been written about repellant trees and plants, but fey 
have withstood the test of accurate observation. 


Eucalyptus trees are prevalent throughout California and they 
have not been effective in repelling mosquitoes. Eucalyptus gil 
prepared from tree bark, is effective when spread on the face and 
hands, but lasts only a short time. 

Another method of controlling mosquito larvae is by the introduc. 
tion of larvae consuming fish in reservoirs. Goldfish, stickelbacks 
and top minnows are the best fish to use for this purpose, as they 
consume large numbers of the larvae. Stickelbacks and top min- 
nows are native to the California coast. 

The protection of domestic water supplies from mosquito larvae 
may be accomplished by avoiding the withdrawal of surface water 
from stagnant pools or by screening such intakes with fine mesh wire 
or cloth screens. Wire screens are used at the present time in many 
of the reservoir intakes in the San Francisco system. Although inseet 
larvae are few the screens are effective in keeping out fish, twigs and 
leaves. 


Gnats 


} The black gnat, Diptera Simuliidae, breeds close to running water, 
depositing its eggs on the wet surfaces of rocks, logs or débris. The 
eggs hatch in from ten to thirty days, but the development of the 
larvae is slow, requiring nine to ten months. During this time the 
larvae remain attached to wet surfaces by threads and feed on small 
crustacea, protozoa and algae. They may occasionally be torn loose 
from their threads and enter a water system which takes its source 
from a flowing stream. The most objectionable feature of the black 
gnat is its severe bite, often proving fatal to live stock. 

Knowing the breeding habits of the black gnat it will be ap- 
preciated that its control is a difficult task. Streams in which these 
insects are breeding should be kept as free as possible from débris, 
including dipping branches of overhanging trees and submerged 
roots. Old logs lying cross-wise of the stream are a particular menace 
because shallow waterfalls are thus produced affording ideal breeding 
places for gants. The screening of water intakes, which take their 
source from running streams, will prevent the entrance of gnat 
larvae into the water system. As gnats breed in running streams the 
application of oil is ineffective and the drainage of stagnant ponds 
does not effect this particular insect. Sprays of oils may be used on 
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livestock or humans working in the vicinity of gnats, but their effec- a 
tiveness is of short duration. .Snudges act as a good —_T? ee ; 
pecially the burning of pyrethrum powder, ae 
tuba: 

The horsefly, Diptera Tabonidae, breeds on marsh or swamp vege- Rs 
tation or on the leaves of trees overhanging ponds or sluggish streams. - 
In California it occurs particularly in the mountains at elevations of = 
8000 to 9000 feet. The eggs are deposited on the wet vegetation or Ee 


The larvae into the soft mud hind develop over the winked, 
emerging the following spring through a two week pupal period into ” 
adult flies. Their principal objection is the bite, being particularly —_ 
distressing to livestock. From a water supply standpoint they are “ioe 
not important except for the protection of livestock and for human ae 
comfort. 

The larvae of the horsefly do not normally develop in water, pre- _ 
ferring soft mud for this stage of development. For this reason their 
control is not especially important to a domestic water supply. The _ 
flies, however, are a pest and should be controlled for human comfort. 
Comparatively little of a protective nature has been done except to | 
apply oil to open pools where the flies come to drink. The flies — 
usually touch the surface of the water with their bodies while drinking a 
and the oil entangles their wings so they are unable to fly away. __ 
Some pools in the high Sierras thus treated have become covered — 
with thousands of dead flies within a few days. To be effective the - 
oil must be applied as early as possible during the season when the 
adult flies appear and begin to mate and deposit eggs. 

The common housefly does not breed in water, but prefers garbage, 
manure or other refuse so is not of importance to a water supply. 
From a health standpoint, however, it is important. It is of interest — 
to note the rapidity with which houseflies reproduce. Hodge has _ 2 
estimated that one pair of flies beginning operations in April would | 
produce 191,010,000,000,000,000,000 flies by August, if allweretolive. 

The most effective way of controlling the housefly is by destroying _ 
or covering its breeding places. This may be effectively done by 
placing manure in closed bins and keeping garbage and other refuse in is. 
covered cans. Such refuse should, of course, be kept away from a e. - 
domestic water supply. a 
The Clear Lake Gnat is an insect common to the inland lake region 
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of Northern California. The gnat deposits its eggs on the waters of 
the lake whence they produce larvae which develop on the bottom of 
the lake. The insects pass from the larval stage through a pupal 
stage to adult gnats. They are a physical pest, but do not have any 
particular sanitary significance. 

Clear Lake Gnats fly a considerable distance from the water, usually 
at night, and are readily attracted by lights. One control method 
proposed by Herms is to install a number of bright lights around the 
edge of a lake beneath which are placed traps equipped with an air 
suction to draw the gnats into the trap as they approach the light, 
It is believed that the installation of such traps around a lake where 
gnats are a pest for three successive years will effectively destroy prac- 
tically all of them. As the larvae of these gnats develop in the bot- 
tom of a reservoir they are not usually a factor in domestic water 
supplies taking their source from lakes. 


j Crustacea | 
_ An isopod of the higher crustacea known as Corophium, or fresh 
water shrimp, has frequently occurred in the San Francisco system, 
While not an insect larva it is worthy of mention in this paper. It 
originally occurred in Lake Merced, a fresh water lagoon near the 
ocean in the south part of San Francisco. For many years this lake 
was used as asource of water supply for the City, water being pumped 
from the lake directly into the distribution system, or into small 
distributing reservoirs. The shrimps, as they are popularly called, 
reproduce in the mud in the bottom of reservoirs, the adult forms 
being carried into the pipes at certain times of the year. It is prob- 
able that there are many of these forms clinging to the inside of the 
pipes or present in the reservoir at all times, but when they let go and 
are carried along with the water there are thousands of them present, 
and complaints are numerous. 

Screens have been effectively used to keep these organisms out of 
the San Francisco system for many years and are still being used for 
that purpose. At times when they become endemic the reservoir and 
pipe system are treated with chlorine and ammonia to produce a 
chlorine residual which tends to loosen them from their hold from the 
pipes or reservoir bottoms, after which the system is thoroughly 
flushed. 

_ No attempt has been made to rid Lake Merced of them as this 
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would be an extremely difficult task. This Lake is now out of 
service, being kept as an emergency source of water supply. 


CONCLUSION 


The problem of plankton and insect larvae control in California 
does not differ materially from that in other parts of the ae 
except that growths are for the most part more prolific in this state, 
due to climatic conditions. Plankton control is exercised through the 
use of copper sulphate. Several new methods of applying the fen ms 
cal have been developed in California, which, it is believed, have some 


‘merit. 

Insect larvae have not been a serious menance to the inn ab 
water supplies of the state. Control has, therefore, not been generally 
practiced in this field. Mosquito abatement districts have done good és " 
work in ridding portions of the state of these pests, largely through 
drainage of swamp areas. Much remains to be done, and water 


| supply men may aid in this work by eliminating insect breeding _ : 
—_— from their properties. 
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IRON AND MANGANESE REMOVAL BY ZEOLITES AND 
MANGANESE ZEOLITE PROCESSES 


By Esxet NorDELuL 


be 


(Technical Department, The Permutit Company, New York, N. Y.) 


Two of the most troublesome elements to be found in natural water 
supplies are iron and manganese. Of the two, iron is much the 
commoner in occurrence but manganese, although of rarer occur- 
rence, is found in quite a number of the water supplies of this country. 

Most of the water supplies, which contain objectionable amounts 
of these elements, are supplies drawn from deep wells. In such 
waters, the iron occurs as ferrous bicarbonate and the manganese as 
manganous bicarbonate. Such supplies, when freshly drawn, are 
usually clear and colorless. On standing in contact with air, how- 
ever, the soluble bicarbonates are oxidized to the insoluble hydrated 
higher oxides. 

At first, this change is shown by the water becoming somewhat 
cloudy in appearance and then, on further standing, these insoluble 
compounds are deposited. In the case of iron, the deposit is yellow- 
ish to reddish brown in color, while with manganese, the deposit is 
grayish to black. As these deposits tend to adhere to anything with 
which they come in contact, such waters produce very noticeable and 
very objectionable stains. 


DIFFICULTIES CAUSED BY IRON AND MANGANESE BEARING WATERS 


In the household, porcelain fixtures, glassware, laundered ma- 
ig terials, etc. develop such stains and these stains are very difficult 
to remove, generally requiring the use of an acid. In the industries, 
the processing difficulties, caused by iron and manganese, are legion. 
To mention just a few; cotton, wool and other textiles can not be 
processed in such waters; rayon manufacture is impossible; dyeing 
is uneven and spotty; tanning is difficult; beverages develop trouble- 
some and unsightly precipitates; quality paper production is im- 
possible; etc. 

In a municipality, in addition to the various difficulties mentioned 
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of the pressure type or of the gravity type. 
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as iron and manganese crenothrix, in the mains is frequently a very non 
serious matter. Such growths not only cut down flow rates but they ee a 
also frequently break loose in masses which tend to clog meters and a 
service lines and may cause the development of objectionable tastes ee 
and odors in the water. In fact, iron and manganese bearing waters, x 

of themselves, have an astringent, metallic taste, which is objection- _ 


able to most people, including even those who have been raised on — 


such a water supply. ai | 


In fact, the troubles caused by iron and manganese in municipal 
water supplies are so noticeable that frequently the citizens believe ey 
that, if only these elements were removed, the water supply would be 
perfect and this even when they have a very hard water supply. 

As an illustration, in a certain municipality, the water supply con- 
tained the exceedingly high hardness of 1200 p.p.m. and contained 
only 1.5 p.p.m. of iron. Yet the citizens fondly believed that, if 
they only got that iron out of the water, their troubles would be over. — 

It is usually the case that a water supply, as in the extreme example 7 
just cited, which contains iron and manganese in objectionable | 
amounts also contains objectionable amounts of hardness. There- | 
fore, water softening, as well as iron or manganese removal, is also é 
required. In this connection, the processes to which this paper is "3 
devoted—the zeolite and manganese zeolite processes for removal of See 
iron and manganese—may frequently be applied with cana as 


av ailable for 

These processes may be used with the classes of iron and manganese 
bearing waters noted, that is, clear, deep well waters containing — . 
ferrous or manganous bicarbonates, which embraces the great ma- ~~ 
jority of iron and manganese bearing waters. In the exceptional Fa 
cases, as with acid mine w raters or Ww waters, 


rather a content of organic matter settling 
and filtration may be employed although exceptional cases may — 
occasionally be found which require even more vigorous treatment. 
THE ZEOLITE PROCESS 

The zeolite water softener, employed in this process, may be either 
In the pressure type, 
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ie container is a steel shell, adopted to withstand whatever presgure 

is necessary. In the gravity type, the container is usually of eon. 
crete, although occasionally wooden tanks are employed. The 
zeolite water softener may operate on either the downflow or upflow 
principle. As the great majority of all zeolite water softeners are 
of the Pressure Downflow Type, this type alone will be described, in 
order to keep this paper as brief as possible. a 


DOWNFLOW PRESSURE TYPE ZEOLITE WATER SOFTENER 


The Downflow Pressure Type Zeolite Water Softener consists of g 
steel shell containing a bed of granular zeolite, supported by layers 
of graded gravel, lying over an underdrain or strainer system. The 
water to be softened is admitted through the upper portion of the 
shell and uniformly distributed over the surface of the zeolite bed, 
It then passes evenly downward through the zeolite, during which 
passage the hardness forming elements—calcium and magnesium— 
are removed by the base-exchanging action of the zeolite. The 
softened water then passes through the supporting layers of graded 
gravel and is collected by the underdrain system, flowing to the outlet 
of the softener, from which it passes to the service lines. 

When the water softening capacity of the zeolite bed is exhausted, 
the softener is taken out of service and regenerated. There are 
three steps in this regeneration. The first step is backwashing, 

e which is effected by passing a strong current of water upward through 
the softener. This loosens and regrades the zeolite bed; holds it ina 
semi-suspended condition; and removes, by washing up and out, 
any dirt or other insoluble material, which may have collected on the 
top of the zeolite bed, during the softening run. 

The second step is the salting. This is accomplished by introduc- 
ing into the softener a predetermined amount of a solution of common 
salt, by means of an hydraulic ejector, which is an integral part of 
the softener. This salt solution is uniformly distributed over the 
top of the zeolite bed and evenly passes down through it. As it 
does so, the salt reacts with the zeolite, removing the calcium and 
magnesium in the form of the very soluble chlorides, and simultane- 
ously, restoring the zeolite to its original active or sodium condition. 

The third and last step of the regeneration is the salt rinse, which 
consists of washing the calcium and magnesium chlorides, plus the 
excess salt, to the drain by means of a fairly slow flow of water. 
After the salt rinse, the softener is returned to service. 
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If soft water storage sufficient to tide over this regeneration — é 


period—30 to 40 minutes—is available, a single unit plant may often 
be employed. If storage is not available, plants consisting of two or 
more units may be used, the other unit or units carrying the full 
load, while one is being regenerated. 


a 


The salt consumed, depending on the type and amount of zeolite — 
employed and whether or not the plant is equipped with a brine 
recovery system, is from 0.35 to 0.50 pound per 1000 grains of hard-— 


ness removed from the water on the softening run. 1otstot 


THE AUTOMATIC ZEOLITE WATER SOFTENER 


fa 


In the fully automatic zeolite water softener, the conventional 


nest of individual valves is replaced by one multiport valve, driven 


by a small motor, which is connected to electrical controls. At the . 
end of the softening run, an electric contact head meter closes an _ 
electric switch, which establishes a circuit and causes the motor to— 


rotate the multiport valve to the backwash position. 
This cuts the softener out of action and backwashes it, an automatic 


time switch governing the time period of the backwashing step. a 
At the end of this period, the time switch closes, actuating the 


motor, which then rotates the valve to the brine position. 
In this position, a flow of water, passing through a hydraulic 
ejector, injects the predetermined quantity of brine from a brine 


measuring tank, after which a float switch in this tank actuates the — a 


motor so that it rotates the valve to the rinse position. 


In this position, the rinsing is accomplished with a predetermined 


flow of water for a set period of time, which is governed by an auto- 
matic time switch. At the end of this period, the time switch closes, 
actuating the motor, which rotates the multiport valve to the soften 
position, thus returning it to service. The great majority of the 
more recent municipal zeolite plants are of this fully automatic type. 


py IRON AND MANGANESE REMOVAL BY THE ZEOLITE PROCESS 


While the fact is not as widely known as it should be, zeolites will 
remove soluble iron or manganese in the same manner, that is by 
base-change, and simultaneously with the removal of the hardness. 
In other words, a zeolite water softener will soften a hard water 
and, also, simultaneously serve as an iron and manganese removal 
plant. 

Furthermore, this iron and manganese removal property even 
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persists for ‘some time after the water softening properties of the 
zeolite have been exhausted. This will be referred to later in deserih. 
ing the over-run method of operation. Also, on regenerating the 
zeolite with salt, the iron and manganese taken up by the zeolite 
during the softening run or over-run, are removed from the zeolite, 
in the form of the soluble chlorides, in the same manner and simul- 
taneously with the removal of the calcium and magnesium as their 
respective soluble chlorides. 

Therefore, a zeolite water softening and iron and magnanese 
removal plant will continue to function as such, as long as it receives 
its regular periodic regenerations. In fact, tests made on zeolites, 
which had so functioned for over thirteen years, showed no diminu- 
tion in their water softening or iron and manganese removal prop- 
erties. 

Of course, with all zeolites, whether used for simultaneously soften- 
ing water and removing iron and manganese or used for water 
softening alone show some wear and tear so that a small proportion 
of the granules wear down fine enough to be removed in backwashing 
but this loss is very small, averaging usually only about 1 to 2 per- 
cent per year. 

The zeolites used for this purpose are usually the greensand base 
zeolites, which due to their structure and ruggedness are admirably 
suited for this work. 

THE OVER-RUN METHOD OF OPERATION + os todas 

In softening municipal water supplies, it is generally considered 
that it is unnecessary to soften the water to further than 3 to 5 grains 
per gallon (50 to 85 p.p.m.) of hardness. As the zeolite process 
produces a water that is practically zero in hardness, two methods of 
operation may be employed to furnish a water of the desired degree 
of hardness. 

In the first method, the desired degree of hardness is obtained by 
softening a certain proportion of the water by zeolite to zero hardness 
and then mixing this with the right proportion of by-passed hard 
water. For instance, if a 20 grain per gallon hard water is to be soft- 
ened, by this method, to 5 grains three-fourths of it would be softened 
through zeolite and one-fourth of the hard water would be by-passed 
and mixed with the completely softened water, thus furnishing 4 
mixed effluent of 5 grains hardness per gallon. 

In the second method, the zeolite water softeners are run suff- 
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ciently beyond their rated water softening capacity to yield a mixed — 
effluent of the desired degree of hardness. This is known as the 
“over-run”’ or “twilight zone’’ method of operation and is practised 
with a number of municipal water softening and iron removal plants. 

In this method of operation, the usual number of zeolite water 
softener units employed is four, as these lend themselves to a stag- | 
gered system of operation, thus allowing the over-runs on successive __ 
units to over lap the softening runs on the other units. Advantage 
is taken of the fact, previously mentioned, that the iron and man- 
ganese removal properties of zeolite extend beyond the end of the 
water softening run. Therefore, an iron and manganese free water 
of the desired degree of softness may be obtained by the use of zeolite 
water softeners alone. 

In using this process, the zeolite units must be large enough to — 
carry the entire flow of water; the clear well should be large enough to — 
furnish a mixed effluent of a fairly constant degree of hardness; and 
the units should be operated on the stagger system and preferably 
on a definite timing basis. In some cases, where the hardness of the 
raw water is variable, the dosages of salt used in the regeneration are 
varied accordingly, so as to keep the operation of the zeolite units on 
a definite time schedule. 

Some examples of municipal plants, operated according to the 
over-run or twilight zone system are the 250,000 g.p.d. water soften- 
ing and iron removal plant at New Bremen, Ohio; the 1,500,000 
g.p.d. water softening and iron removal plant at Etobicoke, Ontario, 
Canada, and the 5,000,000 g.p.d. water softening and manganese 
removal plant at McKees Rocks, Pennsylvania. 


hime rant bes new 
THE MANGANESE ZEOLITE PROCESS _ 


The manganese zeolite, used in this process of iron and manganese 
removal, is made by treating a sodium zeolite with manganous 
chloride, thus converting it to a manganese zeolite. This is then 
treated with sodium permanganate, which results in a deposition of 
the higher oxides of manganese on the granules of zeolite. 

In this state, it serves as a contact medium for removing iron and 
manganese from water, which it effects by oxidizing the ferrous 
bicarbonate or manganous bicarbonate content to higher insoluble 
oxides, which are then removed by the filtering action of the man- 
ganese zeolite bed. After its oxidizing powers are exhausted, it is 
regenerated with sodium permanganate, which restores it to its 
original active condition, = 
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persists for some time after the water softening properties of the 
zeolite have been exhausted. This will be referred to later in deserih. 
ing the over-run method of operation. Also, on regenerating the 
zeolite with salt, the iron and manganese taken up by the zeolite, 
during the softening run or over-run, are removed from the zeolite, 
in the form of the soluble chlorides, in the same manner and simul- 
taneously with the removal of the calcium and magnesium as their 
respective soluble chlorides. 

Therefore, a zeolite water softening and iron and magnanege 
removal plant will continue to function as such, as long as it receives 
its regular periodic regenerations. In fact, tests made on zeolites, 
which had so functioned for over thirteen years, showed no diminu- 
tion in their water softening or iron and manganese removal prop- 
erties. 

Of course, with all zeolites, whether used for simultaneously soften- 
ing water and removing iron and manganese or used for water 
softening alone show some wear and tear so that a small proportion 
of the granules wear down fine enough to be removed in backwashing 
but this loss is very small, averaging usually only about 1 to 2 per- 
cent per year. 

The zeolites used for this purpose are usually the greensand base 
zeolites, which due to their structure and ruggedness are admirably 
suited for this work. | 1S 

THE OVER-RUN METHOD OF OPERATION 


In softening municipal water supplies, it is generally considered 
that it is unnecessary to soften the water to further than 3 to 5 grains 
per gallon (50 to 85 p.p.m.) of hardness. As the zeolite process 
produces a water that is practically zero in hardness, two methods of 
operation may be employed to furnish a water of the desired degree 
of hardness. 

In the first method, the desired degree of hardness is obtained by 
softening a certain proportion of the water by zeolite to zero hardness 
and then mixing this with the right proportion of by-passed hard 
water. For instance, if a 20 grain per gallon hard water is to be soft- 
ened, by this method, to 5 grains three-fourths of it would be softened 
through zeolite and one-fourth of the hard water would be by-passed 
and mixed with the completely softened water, thus furnishing 4 
mixed effluent of 5 grains hardness per gallon. 

In the second method, the zeolite water softeners are run suffi- 
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ciently beyond their rated water softening capacity to yield a mixed — 
effluent of the desired degree of hardness. This is known as _ 
“over-run” or “twilight zone” method of operation and is practised 
with a number of municipal water softening and iron removal plants. sm 

In this method of operation, the usual number of zeolite water o 6 
softener units employed is four, as these lend themselves to a stag- et 
gered system of operation, thus allowing the over-runs on successive 
units to over lap the softening runs on the other units. Advantage = ae 
is taken of the fact, previously mentioned, that the iron and man- _ e 
ganese removal properties of zeolite extend beyond the end of the = 
water softening run. Therefore, an iron and manganese free water ae a 
of the desired degree of softness may be obtained by the use of zeolite = 
water softeners alone. a 

In using this process, the zeolite units must be large enough to — iy, ie 
carry the entire flow of water; the dear well should be large enough to _ 
furnish a mixed effluent of a fairly constant degree of hardness; and 
the units should be operated on the stagger system and preferably 
on a definite timing basis. Im some cases, where the hardness of the __ 
raw water is variable, the dosages of salt used in the regeneration are 
varied accordingly, so as to keep the operation of the zeolite unitson = 
a definite time schedule. 

Some examples of municipal plants, operated according to the 
over-run or twilight zone system are the 250,000 g.p.d. water soften- 
ing and iron removal plant at New Bremen, Ohio; the 1,500,000 
g.p.d. water softening and iron removal plant at Etobicoke, Ontario, 
Canada, and the 5,000,000 g.p.d. water softening and manganese 
removal plant at McKees Rocks, Pennsylvania. 


THE MANGANESE ZEOLITE PROCESS 
hisiy 

The manganese zeolite, used in this process of iron and manganese 
removal, is made by treating a sodium zeolite with manganous — 
chloride, thus converting it to a manganese zeolite. This is then — 
treated with sodium permanganate, which results in a deposition of 
the higher oxides of manganese on the granules of zeolite. 

In this state, it serves as a contact medium for removing iron and 
manganese from water, which it effects by oxidizing the ferrous 
bicarbonate or manganous bicarbonate content to higher insoluble 
oxides, which are then removed by the filtering action of the man- 
ganese zeolite bed. After its oxidizing powers are exhausted, it is 
regenerated with sodium permanganate, which restores it to its 
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Manganese zeolite exerts no softening action on the water being 
oi treated and therefore is used only for iron and manganese removal. 
_ In this way, it differs from the sodium zeolites which exert both g 
_ water softening and iron and manganese removal action. The 
manganese zeolite also differs, of course, from the sodium zeolite in 
a. that the former removes iron and manganese by oxidation and filtra- 
tion, while the latter removes them by base-exchange. 
_ The insoluble oxides or hydrated oxides, which collect in the 
manganese zeolite bed, are removed by periodic backwashings in the 
‘same manner that the usual type of sand filter is cleaned. The 
amount of sodium permanganate required is about 0.01 pound per 
thousand gallons for the average water. 
_ The use of manganese zeolite is generally limited to those waters, 
_ whose content of manganese or iron is not excessively high, and, in 
such cases, it offers the advantage of eliminating aeration and the 
double pumping usually required in plants where aeration is prac- 
-tised. For the manganese zeolite plant is operated under pressure 
; and the iron or manganese bearing water may be pumped direct from 
_ the wells through the manganese zeolite filters to service. 
roa Where the water is to be softened as well as rendered free from iron 
and manganese, manganese zeolite filters may be employed in con- 
junction with zeolite water softeners. For instance, in municipal 
water softening and iron removal plants, zeolite water softeners may 
be employed to soften and remove the iron and manganese from the 
requisite portion of water. Then the correct portion of hard raw 
water is passed through the manganese zeolite filters, thus removing 
the iron and manganese but effecting no softening, and then this 
iron and manganese free hard water is mixed with the iron and 
manganese free softened water in the proper proportions to yield a 
water of the desired degree of hardness. 
A typical example of such a plant is the fully automatic zeolite 
water softening and iron removal plant at East Lansing, Michigan. 
In this case, the raw water has a hardness of 20 grains per gallon 
. and an iron content of about 1 part per million. It was desired to 
z ae produce an iron free water with a hardness of 5 grains per gallon. 
F The plant used to accomplish this consists of 5 fully automatic 
zeolite water softeners and 2 manganese zeolite filters with a total 
capacity of 1,000,000 g.p.d. Three-fourths of the water is rendered 
iron free and softened to zero hardness by the zeolite water softeners. 
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Then one-fourth of the water is rendered iron free, but not softened, _ iW 
by the manganese zeolite filters and this is mixed with the zeolite 
softened water to yield an iron free effluent of 5 grains hardness per : 
gallon. As this is all done under pressure and the pumps and — 
softeners are all equipped with automatic electrical ‘controls, the 
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“fi THE USE OF BEDS OF MANGANESE ORE IN IRON AND 


MANGANESE REMOVAL 
the 
By W. G. KircHoFrrEeR 
(Consulting Engineer, Madison, Wis.) | 
7 _ The purpose of this paper is to discuss briefly a relatively new 


na process of iron and manganese removal accomplished by a catalyst, 
a ‘ I shall digress from the limits of the title of the paper to make it 


iar. include synthetic substitutes for manganese ore. 
7 ce The data presented have been accumulated from a somewhat 


a limited experience in this field during the past twenty years. Waters 
_ bearing iron and manganese may be logically divided into three main 
classes: 

(1) Those waters which begin to precipitate iron and manganese 
on exposure to air, usually hard waters containing carbonates or 
_ sulphates or both, iron may be in hydrate form. 

2. Those waters which will hold iron and manganese in solution 

indefinitely even when aerated, the elements usually combined with 

organic acids and appearing in the colloidal form, and 

_ 3. Those waters which contain iron or manganese or both in each 

4 of the above forms and therefore deposit a part, but not all, of the 

=e element after aeration and cannot be removed entirely by simple 
filtration through sand. 

The process which I am about to discuss applies more particularly 

~ to the second and third types of waters, but can be used on the first 
type if desired. 

Waters containing manganese are more difficult to treat than those 
which contain only iron. Manganese is seldom found alone. 

Where the same processes are effective for both iron and man- 
ganese the reaction is slower for manganese. In a water containing 
both iron and manganese the iron will be found deposited near the 
source, while the manganese will be found on the outskirts of the 
system and in dead ends. Manganese is a much more troublesome 
element than is generally supposed and is so near like its companion 
iron in its effects that often its presence is not discovered until it is 
- Jearned that ordinary methods are ineffective. 
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a large percentage of the manganese in the water will be removed. 


held so oe by the colloidal organic matter. 
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When present with iron, organic matter, carbonic acid or organic ia 
acids, it is a most difficult element to remove. The higher oxides of Be i 

manganese appear to have a very favorable effect on the removal of ct a 
those of a lower order, so that if water containing manganese es 7 
applied to a filter in which higher oxides have been precipitated, = ioe 


manganese sulphate, sodium hydroxide and a hypochlorite or by ee 7 
letting the filter become automatically coated as it will do in most _ 
cases if not disturbed for a long time. we 

As an example, many years ago at the Mt. Vernon, Illinois, city ; 
water supply and the Anna Hospital in Southern Illinois, described _ 
in Numbers 10 and 14 of the Illinois State Water Survey Bulletins, _ 
they tried at first to take out the iron and manganese by sand filtra- 
tion, but were unsuccessful. In time the sand became coated result- _ 
ing in fairly good removal. Similar experiences were had at the © 
Marathon Paper Mills, near Wausau. The black manganese coated — 
sand is better than new and should not be removed. 


PYROLUSITE 
It was this action that influenced the writer, as it no doubt has se 
other investigators, to try the use of material such as pyrolusite  __ 
(manganese dioxide rock) to aid in the removal of this most trouble- — 
some element. This process in chemical language is a catalytic one, i 
in which the removed manganese acts as the catalyst. 
It was formerly thought that this action was brought about by the ; 
mere contact of an agent, but it is now believed that re-actions are ‘ 


such as the higher oxides of manganese, so that by the alternate — 
composition and decomposition of them the agent is left unchanged. } i 

I first tried out this process at Wausau, Wis. where there is a water — 
of the “third” type. Low in alkalinity and pH, but high in iron, — 
manganese and organic matter. As the water needed aeration, &® 
tray aerator, with manganese dioxide rock placed in the trays, was 
tried out. 

It did not remove all of the iron and manganese, but aided greatly — 
in their reduction and flocculation. A plant using this principle of © 
a capacity of 54 million gallons per day was constructed, but it had _ 
to be followed by the use of lime and alum to take out the portion 
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The sand filters which followed the chemical treatment have singe 
become coated with the higher oxides of manganese to such an 
? extent that the chemical dosage has been cut approximately 25 
percent. In time the tray aerators containing the manganese did 
become badly clogged with the more or less freely bound elements 
, and cause difficulty in keeping the aerators in action. 

Since this plant was built I have experimented with beds of 
Pyrolusite direct from the mines in sizes ranging from 4 to 1-ineh, 
This material was placed in a closed vessel filled with the water to 
be treated and air in finely divided bubbles was applied at the bottom, 
It only required 20 minutes of such aeration using only 0.07 of a 

ae. cubic foot of air per minute per square foot, followed by sand filtra- 
ee tion, to remove the elements to less than 0.1 p.p.m. and 10 minutes 
aeration removed them to a satisfactory limit. 
ie A plant using this principle followed by sedimentation and filtra- 

tion through sand has been designed, but not as yet built, for a paper 
mill community. Since then experiments have been run here in 
Madison by a laboratory using the manganese ore crushed to the 
size of coarse filter sand. It was found that the process worked 
successfully until the filter became loaded with the iron and man- 
-ganese deposits and then it was difficult to back-wash the filter due to 
the weight of the media. 

It has been found that equally good results may be obtained using 
synthetic material as with the genuine ore. For instance, a quantity 
of anthracite coal of filter sand size about 0.55 mm. coated artificially 
with manganese and even without aging it, worked fairly weil. | 
have also used coke with upward flow of water and reduced the iron 
content to 0.1 p.p.m. without filtration through sand. 

The Burgess Laboratories of Madison have somewhat paralleled 
the experiments I have made, though perhaps in a more elaborate 
manner, and as a result have brought out a new material called 
“Birm,” a coined word, taken from the initials of “Burgess Iron 
Removal Mineral” for the removal of these elements. This mineral 
has all the advantages of manganese dioxide, but is as light as sand 
or lighter in weight, and can be back washed readily. 

The composition of this mineral has not yet been announced by its 
makers. However, one might guess that as this Company is a large 
manufacturer of zeolite and for years has used large quantities of 
manganese in the manufacture of batteries, it must be some sort of 
zeolite material coated with manganese. 
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[ used this mineral in a pressure filter for the removal of iron and = 


manganese from the water supply at the Sacred Heart Hospital, 
Tomahawk, Wis. This water is similar to the Wausau water and 


would not yield up its iron and manganese by ordinary aeration, _ 


sedimentation and filtration through sand. The plant is giving entire 
satisfaction. 

It is necessary to have a small amount of oxygen present when 
using the catalytic process and if oxygen is not present in the water, 


a small quantity will have to be added. cid} 


All waters containing these troublesome elements are not all alike 
and while one process has been known to work well at one plant, 
it is no criterion that it is the one to adopt at another. It is best to 
build a small experimental plant under the supervision of one experi- 
enced in the treatment of iron bearing waters before you try out your 
pet schemes and spend a lot of money on them. 

Do not try to use the natural ore as a agent in aerators as they 
will in time clog, if they perform as they should, and do not try to 
use the finely crushed heavy mineral as you would use sand in a 
standard filter as you cannot back wash it successfully at ordinary 
wash water rates. 

Although it has not been called a catalytic process, I find from 
reading of experiences elsewhere that this process, whether intended 
to be used or not, actually did assist in the final removal of iron and 
manganese. 

With “Birm” or with “Greensand”’ such as we have heard about 
this morning, or if you do not care to use either of these, take such 
material as anthracite coal and create your own catalysts. I am 
sure plants can be greatly simplified in their construction and the 
cost of their operation cut down. I can see no need of making a 
complicated plant using two or more processes ahead of sand filtra- 
tion. Either use the ore contact filter with aeration followed by 
sand, or use the “Birm”’ or “‘Greensand”’ in only one unit for waters 
requiring such treatment. 

There are several small plants using ““Birm”’ mineral in industries, 
hospitals and a few municipalities. I have personally prepared 
preliminary plans for several plants using this material on proposed 


P.W.A. projects. 
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_ DISCUSSION 


A. 8. BEHRMAN (Chemical Director, International Filter Company, 
Chicago, Ill.): Mr. Kirchoffer’s interesting paper serves a usefyl 
purpose in calling attention to the long-known, but comparatively 
little-used, properties of the higher oxides of manganese for the pe. 
moval of iron and manganese from water. 

Our own experience and research in this field have indicated quite 

definitely that the active agent in all iron-removal minerals and iron. 
removal filters of this sort is manganese dioxide. This is true whether 
the mineral is pyrolusite, greensand treated with permanganate, or 
any of the synthetic zeolites or zeolite-like materials which are made 
- to contain manganese dioxide either during manufacture or as 4 
result of chemical treatment of the finished product. 
The first use of a synthetic zeolite in water purification, in the first 
decade of the twentieth century, was for the removal of iron and 
manganese, not for water softening. This was accomplished by use 
of a manganese zeolite, much as we use such materials today. 

Our experience has been that, under proper conditions, any of the 
various materials listed above may be used satisfactorily in a filter 
bed, either in closed or open systems, the latter comprising broadly 
those systems in which oxygen is available. If used in a perfectly 
closed and oxygen-free system, they will all in due course become 
exhausted, and must be regenerated—either by exposure to the air, 
or by means of some other oxidizing agent, such as a permanganate, 
the specific type of regeneration employed being determined by the 
_ particular conditions involved. 

There is, of course, no basis for the mistaken belief apparently 
prevailing in some quarters that any of these manganese minerals 
will function indefinitely in an entirely closed and oxygen-free 
system without any type of regeneration at all. The manganese 
_ oxides in the contact material have a definite and limited amount of 
oxygen available for oxidation; and this amount of oxygen must be 
renewed in some way, be it continuously by the dissolved oxygen in 
the water being treated, or intermittently by periodic exposure of 
the mineral to air or by treatment with a solution of an oxidizing 
agent such as a permanganate, or by other appropriate means. 

Finally, it is worth stressing the fact that it is very difficult to 
keep the usual pumping and piping system entirely free from air leaks 
: and consequently from oxygen. Ferrous iron is usually quite readily 
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oxidized by the oxygen of the air within the pH range of normally 
alkaline waters; and one part per million ferrous iron requires only 
about 0.14 part per million oxygen for oxidation. In consequence, 
jron-bearing waters commonly have more or less of their ferrous 
jron—and not infrequently practically all of it—oxidized to insoluble 
ferric hydroxide before the water ever reaches the iron removal 
filter. In such cases the bed of manganese mineral acts principally 
as a mechanical filter, and in some cases can be replaced with economy 
by a sand filter, if iron removal alone is involved. Due allowance 
should be made for this fact both in order to avoid obtaining a ficti- 
tiously high iron-removal capacity for any iron-removal mineral being 
tested, and also to take advantage of this gratuitous oxidation in 
calculating the size of purification unit needed. Manganous man- 
ganese, however, under the same conditions, is normally oxidized and 
precipitated by the oxygen of the air only to a practically negligible 
degree, so that it offers no complications in either of the respects 
just mentioned. 


M. J. SHOEMAKER (C. F. Burgess Laboratories Inc., Madison, Wis.): 
In regard to references made to greensand by Mr. Kirchoffer, and 
also in the paper of this morning, Gans showed that synthetic zeolite 
treated with permanganate was a catalyst for iron removal although 
the effect soon wore off and it was necessary to continually retreat 
the material (Chemistry & Industry, 32: 197-200, 1909). Occa- 
sionally commercial installations of zeolite revivified with per- 
manganate have been made in water in which it failed to function, 
Conditions must be favorable for the particular catalyst used. In 
the case of the ‘““Birm” iron removal mineral to which Mr. Kirchoffer 
has referred, the pH must be 6.5 or higher and the dissolved oxygen 
equal at least to 15 percent of the divalent manganese and iron for 
iron removal. The conditions for manganese removal have not been 
so well worked out as for iron. 

While Mr. Kirchoffer indicates that coal artificially coated with 
manganese showed catalytic properties, this should not be regarded 
as being practical since any kind of superficial coating could not be 
expected to be durable. The structure of the catalyst is important 
if durability and economy are to be realized. The ideal catalyst 
should be hard, active, of a grain size comparable to filter sand, be 
capable of 50 percent bed expansion at a backwash rate of 12 to 15 
gallons per square foot per minute, and should not continuously 


=. 


W 
W 
A, ; a 
= ab 
usefy] 
tiv 
ively 
quite 
Iron- 
ether 
first Age 
"Use 
the 
ter 
ctly q 
air, 
the 
itly 
ree 7 
ese 
hi 
ng 
ks 
ly 


‘OMAN 


z* build up coatings of precipitates on the grains since such materia] 
___-will change the effective size and foul the catalyst. 

Te The use of beds of manganese ore to remove iron and manganese 
Offers serious handicaps due to its failure to meet all the requirements 
_ for the ideal catalyst. The bed cannot be adequately backwashed 
and usually requires a second filter. 

In general Mr. Kirchoffer is correct in condemning unnecessarily 
complicated and expensive systems embodying a catalytic step, 
Certain inhibiting factors such as organic matter which may act as q 
protective colloid are occasionally met with and may require a special 
extra step such as the use of activated carbon or a coagulant. There 
is no doubt but that any of the types of ferruginous water mentioned 
by Mr. Kirchoffer can be treated directly or modified so that iron 
removal can be accomplished successfully by the catalytie method, 


Zaprre (Manager Iron Ore Properties, Northern Pacific 
ton Railway Company, Brainerd, Minn.): The author states in his 
opening paragraph: 


my “The purpose of this paper is to discuss briefly a relatively new process 

of iron and manganese removal accomplished by a catalyst. I shall digress 
from the limits of the title of the paper to make it include synthetic substi- 
tutes for manganese ore.’’ 


- I find that he does not discuss “a relatively new process. . . ac- 
a complished by a catalyst”’ and I regard his digression the principal 
part of his presentation, which is largely an advocacy of the use of a 
synthetic product. 

___-He also says: “Waters containing manganese are more difficult to 
treat than those which contain only iron.” With this statement I 
disagree. 

In Vol. 25, No. 5, May, 1933, pp. 655-676, of THE JOURNAL is an 
article I wrote entitled: “History of Manganese in Water Supplies 
and Methods for Its Removal.”’ In Vol. 26, No. 8, December, 1931, 
pp. 799-825, Economic Geology, appears an article I wrote entitled: 
“Deposition of Manganese.” In Vol. 28, No. 8, December, 1933, 
pages 751-772, Economic Geology, appears an article I wrote entitled: 
“Catalysis and Its Bearing on Origin of Lake Superior Iron-Bearing 
Formations.” In those three papers alone the subject of manganese 
and catalysis is treated fully and as in no other papers of record. 
Nevertheless no reference is made to them by Mr. Kirchoffer. 
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To me manganese and iron mean far more than the matter of 
occurrence of a few parts, or fractions of a part, per million, as it 
usually occurs in municipal water supplies or in privately owned 
wells. Iron and manganese are metals without which our present 
civilization can not exist, nor could have ever arisen, and it requires 
every year millions of tons of the ores of these two metals to keep us 
afloat and progressing. Those ores did not just happen. An orderly 
process of nature formed those ore deposits. The original elements 
had to be first dissolved from the hard rocks that constitute the crust 
of the earth; next they had to be held in solution to be transported by 
rivers to a sea; and, finally, a precipitant had to be present to enable _ 
depositing them as solid compounds, to form beds which ages later 
the people of the world mined, are now mining and will continue to | 
mine for a long time. A knowledge of how solution, transportation — 
and deposition occurs is a fundamental requisite, because what ai 
nature did eons ago she is still doing today, and in what nature does _ 

in wells and distributing systems of a city we have nothing one bit aa 
‘different than what rocks, rains, organic life, chemical and physical = 
forces, rivers, seas, solvents and oxidizing agents, and so on, did eh 
the distant past on a huge scale. That is geology, to be sure; but 
being also an engineer I hesitate not one moment in saying that the _ 
past history of manganese in water supplies, referred to above as a ae 
published paper, reveals that engineers have contributed the very 
least to the subject of manganese-removal and they still seem to be . 


a related branch of science has to offer. 
In 1929, while I was a member of the Water and Light Board of — : 
the City of Brainerd, Minn., I learned that engineers knew not ates } 
what to do about removing manganbee from our city water, except 
to douse it with chemicals and make soup of it and at much cost. ri 
Meanwhile manganese was being completely extracted from the _ 
water and deposited in the mains. It was only the solids, as a mud, 
that gave the consumers their basis of complaint. They did not 
know anything about manganese. I was obliged to investigate and ai 7 
make my own tests for removing it. By using the principles of ore | 
deposition the sequence of events in the municipal system was mee Al a 
ascertained, and a pilot plant was built and operated for many © 
months only to learn how a large scale process directed by man in a — 
building might become upset through associated naturally operating _ 
agencies. It was not the difficulty but only the simplicity of the 
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whole 7 that puzzled me; that is, I could ‘not understand why 

engineers had failed to do this simple thing before. 

The study of the literature led to the disclosure that manganese jn 
municipal supplies had been almost wholly overlooked; and, in. 
cidentally, it is still being ignored to an extent that is indefensible, 
Secondly, I learned that aside from the fact that manganese is mis. 
taken often for iron, manganese has been looked upon invariably by 
engineers as reacting identically as does iron. There are similarities, 
we may grant, but there are essential differences or else they would 
not be two distinct elements. We can say the same about gold 
and silver; they have similarities but who would regard their sim- 
ilarities as superceding the importance of their differences. 

On the basis of those experiments a plant was built in Brainerd 
to remove 0.8 p.p.m. of manganese and 1.00 p.p.m. of iron. The 
plant has a capacity of 1,500,000 gallons per day. It went into 
operation four years ago. The process is based on catalysis, by 
manganese dioxide, and passage of the water through coke and then 
through sand, assisted by the ever-present bacteria. The plant 
has operated perfectly every day since then. It removes both 
manganese and iron 100 percent all the time; it has not required a 
single replacement of material of any kind; it requires no technically 
trained man to supervise it; it requires no detention or sedimentation 
basins; it costs virtually nothing to operate; the biggest single item 
of cost is the heat used in winter time to keep this plant, in northern 
Minnesota, from freezing. There has never been the least bit of a 
problem about backwashing and it is done very little, too. If there 
is a plant anywhere using these same principles as are used in the 
Brainerd plant and, as Mr. Kirchoffer says, has shown difficulty 
about keeping beds backwashed, I indict the engineers who designed 
the plant. 

The Brainerd plant has been too often visited, spoken about and 
mentioned in journals and at meetings not to be known. When 
Mr. Kirchoffer does not give even a hint of this process or this plant 
he surely does not square up his written presentation with the pur- 
pose he states for his paper. 

If manganese is present, and if chemicals are not to be used, 
catalysis must be relied upon for its removal. It would be rare, 
indeed, to have a combination of factors where a catalyst would not 
be required. Manganese dioxide is one of the best catalysts nature 
has made and nature functions perfectly in removing manganese 
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from water. That very thing has created the troubles people have * oe ss 
put up with these many years. A synthetic compound, by whatever — 
name, used to replace manganese ore, would be very apt to have 
manganese dioxide as one of its components. Robert Gans, of 4 
Germany, made manganese permutit thirty years ago. It was an 
artificial zeolite. Manganese zeolite made artificially today, call _ 
it any name you please, would be identical to his product except in 
the relative proportions of ingredients used to produce specific 
results and, perhaps, in the mechanical process of making. 

The author says that “‘manganese will be found on the outskirts 
of the system and in dead ends.” That statement is incomplete 
and, maybe, is only inaccurate. Does he mean magnanese in solution 
or as a deposit? The fact is that manganese, if it deposits from its 
water in the mains, deposits very near its source, or in the first 
section of mains. It must do so, if it should, as we have demon- 
strated, be amenable to extraction by catalysis in a plant. Ob- 
viously, in a pipe system some manganese can go back into solution. 
There is nothing new about that. It does the same thing in idle 
filter plants. If it is solids he means, it is equally obvious that the 
flow of water carries the solids to all places, and to the extremities 
of a system and into dead ends particularly. In dead ends the 
biological environment there existing inevitably forces manganese 
back into solution. These are factors that should not be charged up 
against manganese or a process but the design of plants. 

Catalysis is a property of the atom and that means the atomic 
structure. Catalysis can be no more exactly explained today than 
can magnetism. Some day it may because we are rapidly devel- 
oping an electronic- and a nuclear-physics. There seems to be 
no need, however, for injecting an intermediate-compound theory 
in catalytic action, as some do, except that thereby might be meant 
a partly oxidized or hydrated and unstable compound of manganese 
which wants to and will become a higher and a stable compound if the 
oxygen is there to facilitate it, but is otherwise left as an orphan to 
drift off into the reverse direction not so wanted. In any such proc- 
ess the catalytic agent does not give up a thing, and the idea so 
often stated of the agent breaking down and require rebuilding it 
does not stand. If it changed in this manner, as the author suggests, 
why has not the bed used for four years in the Brainerd plant changed 
its composition or appearance? It is simple to advance a hypothesis, 
but it should not be advanced as a theory unless some facts support 
it. There are no such fae ts. 
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_ Manganese stays manganese until scientific apparatus bats away 
one of the electrons of the atom. Ordinary water flowing through g 
bed of manganese dioxide ore does not change it. Certain waters 
might dissolve manganese and carry it away, but never must one 
_ regard this as changing manganese. 
_ As long as manganese dioxide is manganese dioxide it has catalytic 
_ power. In its effects catalysis may be interfered with and actually 
_ stopped, but only in its power to do its work. For example, a steam 
engine keeps on creating its energy for motion but brakes applied to 
the wheel stop its motion;- likewise, permit manganese ore grains to 
become coated and you thereby apply a brake. As soon as that 
coating is removed, the catalytic action is again at its full force, 
_ Keeping grains of ore clean is a feature of the process of manganese 
removal by catalysis. 

Waters dominantly carry manganese as a bicarbonate. If the 
water is only the least bit alkaline, manganese can be oxidized and 
deposited. Bacteria and water have been with us since geological 
ages began, and we have certain bacteria in water that seem to have 
no other function in life except to knock manganese and iron out of 
solution. They give us the lesson. They even create their own 
alkalinity to make deposition possible. That is how deposition gets 
started in a new system. The deposit they create becomes at once 
a catalyst, and from then on the whole sequence of events takes place 
- that makes ore deposits. Engineers have been trying to devise 
plants that go counter to these few fundamental principles. Copy 
nature and you will be assured of having something simple. 

In some instances a synthetic product may serve a useful purpose 
from the standpoint of space, but, drawing from my own experience 
and observation, the cheapest and the most effective way is to follow 
nature and when, as in Brainerd, we have in four years not required a 
single replacement and do all the work without adding even an extra 
man and, therefore, do the job at a negligible cost, it is not to be 
expected that I would be enthusiastic about any other type of plant 
for a municipality. This process affords engineers ample oppor- 
tunity to use their talents and ingenuity in designing a building 
to fit the local situation and not call for further efforts on their part 
to test for something different by way of process. 

Manganese is not more difficult to remove than iron. ‘This idea 
arose because engineers originally tried to remove manganese by the 
same processes they had been using to remove iron, which was 
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primarily by aeration and sedimentation or filtering. When man- 
ganese did not then precipitate, the task was regarded difficult, 
and was actually said to be impossible. The published accounts of 
experiments by engineers substantiate that statement. Injecting 
catalysis, which requires no effort, nor using soluble chemicals with 
its attendant difficulties, costs and defects, will remove manganese 
from the typical water supply. At the same time it removes iron 
and needs no sedimentation basin, or the like, as is so commonly 
used when iron removal is made the sole objective. It is not difficult. 
It is simple. One need mainly remember that manganese is not iron. 
In conclusion, I want to add that it is deplorable to see how seldom 
so-called complete analyses of water show that a test for manganese 
has been made. Manganese is widely distributed in rocks, which 
are the source of the manganese in all waters. A very small amount 
of manganese in water is far more troublesome in a city system than 
is a larger amount of iron, for which reason analyses for manganese 
should always be made and provision for its removal included. It is 
manifest that certain geographic and geologic areas have more of 
manganese in their rocks and waters than others. Likewise, waters 
vary in their soluble contents and characteristics, which will inject 
special considerations, but I can not refrain from emphasizing that 
as to manganese, its solution, transportation and deposition, nature 
has operated in a very simple manner and that in water treating 
_ problems there is no justification in looking upon manganese in any 


other way. 
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THE ANALYTICAL CONTROL OF ANTI-CORROSION 

WATER TREATMENT 

By W. F. LANGELIER 
(Associate Professor of Sanitary Engineering, University of 
California, Berkeley, Calif.) alo 


It is the purpose of this paper to discuss certain chemical relation- 
ships involved in the action of natural oxygen containing waters on 
the interior of iron or galvanized pipe and to attempt to place upon 
a more rational basis the analytical control of preventive treatment. 
It is hoped that the data presented will be subjected to critical 
examination by water technologists in various parts of the country, 
in order that they may ascertain the degree of correlation which 
exists between theory and laboratory experiment as presented herein 
and their observations in practice. 

It is a well established fact that the composition of water is only 
indirectly a factor in corrosion. Any water, regardless of its com- 
position, after a certain period of contact with a clean iron surface 
will cause corrosion of the metal. If, however, certain of the prod- 
ucts of the corrosive action are held at the boundary surface, the 
corrosion rate is reduced and, if the conditions are favorable, further 
corrosion will be practically eliminated. The problem therefore 

~resolves itself into one of obtaining a suitable protective coating. 
Users of pipe recognize this and usually specify pipe which has been 
coated by the manufacturer. Although these coatings are generally 
useful and necessary, they frequently lack permanence under condi- 
tions of use, and often the need of a self-forming or self-healing coat- 
ing or film, the formation and permanence of which is assured by 
the composition of the water, is indicated. 

In natural oxygen containing water, calcium carbonate is the 
salt which is most useful in forming or, together with rust,! assisting 
in the formation of a self-healing or natural protective coating. In 


1 A rust coating not containing CaCO; is too porous and is not sufficiently 
dense and continuous to offer protection, and on the contrary may even 
accelerate corrosion in the form of pitting. 
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order that this salt may deposit on the pipe interior, it is necessary — 


carbonate ions present in the water at a given point in the system — 
shall exceed a certain value known as the “solubility product ¢on-— 
stant,” or in more modern chemical terminology, the “activity: 
product,” of the salt in question. If the water is deficient in either — 
of these ions so that the activity product is not equaled, not only — 
will a carbonate film not form, but also, any existing film will be 
dissolved. Many surface waters are of this type, and these in gen 
eral are the ones known to be most-corrosive. In such waters,a 
sufficient increase in either or both of these constituents is all that — 
is needed to attain saturation, Any base added to water will convert _ 
existing bicarbonate ions into carbonate ions; but the addition of 
lime has the advantage of increasing both the calcium and the car- _ 
bonate ions simultaneously. Because lime is relatively cheap and a 
readily available, it is the chemical which is most often used for this" 
purpose. 

It is important to note that as the film is laid down in the pipe; 
the separate calcium and carbonate ions in the water may decrease 
to the point where the activity product is no longer exceeded, in 
‘hich case the water is incapable of furnishing any further protection. 
Applied to a given distribution system, this would mean that the 
pipes nearest the source would receive the greatest protection. This 
tendency, however, is offset by the fact that the deposition from a 
supersaturated solution is not instantaneous but requires a certain 
induction period, which for low degrees of supersaturation and at 
low temperatures may be as great as several hours. Also, there is 
reason to believe that under conditions of operation there is a level- 
ing process whereby material deposited at one point may be picked up 
by solution and deposited at a point farther out in the system. This 
could be brought about by irregularities in treatment and by tem- 
perature changes. 

Where corrosion of water pipes is not a problem, difficulties due © 
to excessive incrustation with a carbonate scale are often encountered. — 
In these cases, the calcium ion and carbonate ion concentrations 
exceed too greatly the activity product. This is likely to occur 
where the water has been softened by the lime-soda process. Here © 
the calcium ion concentration has been decreased by the treatment, — 
but this has been more than offset by an increase in the carbonate | 
ion concentration. A remedy for this condition is recarbonation 
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with CO: gas. This is merely a chemical device to convert some of 
the carbonate ions into bicarbonate ions, in which form they do not 
participate in the activity product equation. 

A survey of the water-supply literature has failed to reveal an 
adequate and practical formulation of the chemical mechanism of 
the carbonate film theory. We owe a great deal, however, to the 
German chemist Tillmans (1) for his work in this field. It was he 
who in 1912 proposed the carbonate saturation theory of pipe pro- 
tection. In several papers on this subject he has elaborated his 
earlier views, but his formulation of carbonate saturation is in terms 
of free carbon dioxide, a constituent which in the small quantity 
present near the saturation point for soft waters is not directly de- 
terminable in the laboratory. Moreover, his equation does not 
take into consideration the total ion concentration of the water, an 
item which may be of major importance. 

In the United States, Baylis (2) has been the leader in the applica- 
tion of this theory to practice, and he has written several excellent 
papers on the subject. He has published a graph, based upon his 
experiences at Baltimore and elsewhere, of carbonate saturation in 
terms of pH and total alkalinity. He states, however, that his 
equilibrium curve must be modified for different waters. Since it 
fails to take into consideration the calcium content of the water, 
it of course could not have a general application. Oceanographers 
have formulated the mechanism of buffer action in sea waters, and 
bio-chemists have considered the precipitation of calcium salts in 
tissues. Physical chemists, notably Johnson (3), have studied the 
chemistry of carbonate solutions and have supplied the several 
constants needed in the solution of problems in applied chemistry. 

In the Sanitary Engineering Laboratory of the University of 
California this problem has been considered and an attempt has 
been made to formulate calcium carbonate saturation in natural 
waters in terms of pH, calcium, alkalinity, total salinity, and tem- 
perature. By the use of certain limiting assumptions of conditions 
not encountered in practice, a final equation has been obtained which 
is extremely simple to use and which is believed to be entirely rational 
in its development. 
wit 
DERIVATION OF THE GENERAL EQUATION 

The deenhdiers of the equation for pH,, which is the pH at which 


a water of given calcium content and alkalinity is in samme: 
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of (neither over nor under-saturated with calcium carbonate) is based 

ot upon three well known mass law equations and one stoichiometric 

an, 

of (Ca**) x (CO; (1) 

bay the rent that greater thea @5, 

— (Alk) + (H+) = 2(CO;~) + (HCO;) + (OH-)* (4) 

‘ 4 In these and all subsequent equations, the chemical symbols imply 

n concentrations of the respective ions. Also, all concentrations are 
molal, with the exception of (Alk) which is an equivalent concen- 

4 tration, i.e. titratable equivalents of base per liter. The two con- 

t stants K, and Ky are apparent constants, applicable only in solu- 

5 tions of the same total mineral content and at a given temperature, 

, but which for any given condition can be computed from the -cor- 

; responding known thermodynamic constants, commonly written 

} without the primes. Equation 4 defines what is meant by the term 

“Total Alkalinity to Methyl Orange,” as used in Standard Methods os 

of Water Analysis. It represents the equivalent concentration of _ 

) titratable base, and not the hydroxyl ion concentration which is 


sometimes called the “true alkalinity.” The other terms in this | 
| equation have the same significance as in the mass law equations. _ a 
' The validity of this equation as applied to natural waters assumes _ aa 
only that the salts of weak acids other than carbonic acid are absent. sue 


Proceeding with the derivation a 


K 
2 
” Within the range of natural waters (pH 4.5 to 10.3) the values of (H*) and 
(OH-) are relatively so small that they may be neglected in this equation 
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therefore 


101 
ervey of th te 
film theo (Alk) deal. howeveg 
chemist Tillias (HCO;) = — OK? 
By substituting this value of (HCO};) in (2a), we obtain mall 

Now, by substituting this value of (CO; ~), we stale from (1) 

(Ca** ) x x 9K. od lo (7) 

(HS) 


Since it is the practice to represent (H*) in terms of pH, which is 
1 
a symbol for log (Ht is convenient to rearrange (7) in terms of 
logarithms using this same convention, whence we obtain for pH,, 
the pH at saturation: 
i: pH, = (pK, — pK,) + pCa + pAlk + log} 1 + —— (8) 


A more general equation, not limited to waters in the range speci- 
fied above, is obtained by correcting the alkalinity term for hydrogen 
and hydroxyl ions, as follows: 1 


fatal salinity, and 


Ky 2K; 9 
+ p| Al 4+ (Ht) | + 4 | (9) 


* It should be stated here that the method of determining the concentration 
of carbonate, as given in Standard Methods by means of a two indicator titra- 
tion is (within a certain range of pH) too inaccurate for our present purpose. 
Equations 5, 6, and similarly derived equations for H,CO; and OH could well 
be included in Standard Methods to supplement the present discussion of 
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The correction to (Alk) as well as the term, log | 1 + (Hs) } , is ordi- 


narily small, and in all cases where pH, falls between approximately _ 5 ' 


6.5 and 9. 5, both can be omitted, and we have for this range: Ps Spe 

= (pK; — pK Alk 

(pK; — pK,) + pCa + p 


In the event that pH, as obtained by (10) is greater than 9.5, the 
corresponding value of (Hf) may be substituted in the last term of Lina 
(8) and a closer approximation to the correct pH, will be obtained . 
by that equation. In order to facilitate the use of equations 8 or 9, =) 
applicable ~ pH, is greater than approximately 9.5, table 1 has _ 


I Values of ai + al as a Function of (pK': — pHs) | 


(7) 


(pK,’ — pH,) 0.1 (0.2 [0.4 (0.5 (0.6 0.8 (0.9 |1.0 {1.2 |1.3 


is (H*,) 


0.48/0 .41/0.35/0 .2510.210. 15/0. 12/0. 10/0 .08/0 .06/0. 05 
he 


2K; 
a been included. This table gives values of log (1 + ae) for differ- Si ir 
ent values of (pK, — pH,). The correction of the (Alk) for caustic + - 
) ions need not be made unless pH, exceeds 10.5. This condition is ho 
encountered so rarely that a table to simplify its computation has _ ia 
not been included. oe 


The algebraic difference between the actual pH of a sample of _ 
water and its computed pH, is the logarithm of its degreeofcarbonate __ 
saturation. We have called this the ‘Calcium Carbonate Saturation _ = 
Index.” Actually this index is the logarithm of the ratio of the — 
hydrogen ion concentration which the sample must have if saturated he i. 
(without change in composition) to its actual hydrogen ion concen- _ 
tration. If the index is zero, the sample is in equilibrium. A plus 
sign before the index indicates over-saturation and a tendency to a 
crystalize, or to lay down a protective coating of CaCO; in the pipe, 
and a minus sign indicates under-saturation, or a tendency to dis- — 
solve an existing carbonate coating. Expressed mathematically: — 
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1 1 
= PHactuat — PH saturation = log (Hy log 
= log a The significance of this Index and its applications 


to pipe corrosion problems will be discussed later. 
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Fia. 1 
3 PROVISION FOR TOTAL SALINITY OR IONIC STRENGTH 


In the proposed equation for pH,, the effects of variable salinity 
upon saturation are provided for in the term, (pK, — pK,). For 
any given water the exact values of these constants can be computed 
from the true thermodynamic constants K: and K, (the values of 
which are known) by multiplying each with a certain activity co- 
efficient, in accordance with the principles of the “activity” concept of 
the theory of electrolytic dissociation. This concept, which has only 
recently come into general acceptance, assumes complete dissocia- 
tion of all the salts in a dilute solution, but requires that all con- 
centration terms appearing in a mass law equation shall be con- 
verted into activity terms by combining each with an activity 
coefficient. These coefficients are related to the total salt content 
of the solution and to the valences of the ions present. A conven- 
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ient method of expressing the combined effect of salinity and v alencs 
of the ions present is in terms of “ionic strength” represented by the | 
symbol, u. The ionic strength of a solution is defined as one half 
the sum of the molality of each ion in solution multiplied by the © 
square of its valence, or if c is the molal concentration of the ion 
and v is the valence of that ion, the ionic strength of the solution _ 
equals 1/2[cyw? + cov3+---]. Anexample in the computation of 
the ionic strength of the water of the Mississippi River at New Or- ar 
leans, from a mineral analysis of same, follows: 


Nat = 18 0.00078 Mgtt = 10 0.0004 
Cl+ = @ 0.00079 Catt = 39 0.0010 
HCO; = 116 0.00190 = 42 0.0004 
0.00347 0.0018 
(ew) 0.00347 0.0072 
Ionic strength » = 1/2(0.00347 + 0.0072) = 0.0054 a 


It will be noted that for this water, which has a total dissolved 
solids content of 220 p.p.m., the sum of the equivalent concentra- _ 
tions of the monovalent ions is about equal to the sum of the equiva- _ is 
lent concentrations of the divalent ions, and it is believed that his _ 
is reasonably typical of other natural waters with respect to the — 
relative proportions of monovalent and divalent ions. In this ex- 
ample, 40 parts per million of total solids is equal to 0.001 unit of 
ionic strength. Computation of the ionic strength of several typical _ 
waters indicates that for the purpose under consideration this value — 
may be used as a general relationship applicable to most waters. * al! 

With this means of computing the ionic strength of a sample of _ 
water from its total dissolved solids, we are now able to compute the © 
activity coefficient f for any given ion by the equation, —log f = 
0.50?\/u. This is the Brénsted-La Mer modification of the Debye- __ 
Hiickel equation. In this equation, which has been found to hold é 
for ionic strengths up to 0.02, »v is the valence of any ion having the E 
activity coefficient f. 

Consider now the application of the individual ion activity coef- — 
ficients obtained in this way to the computation of the value pK, 
from pK,, the true thermodynamic constant which varies only with — 
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TABLE 2 


Values of pK,’ and pK,’ at 25°C. for various ionic strengths and of the difference 
(pK2’ — pK,') for various temperatures 


| TOTAL 25°C. (pK’: pK’s) 
IONIC DIS- 
Vee STRENGTH SOLVED K’.- 
sotips pK’: | pK’s | 10°C. | 20°C. | 50°C. | 60°C. | 70°C. | 80°C. | 


— 
— 


.0000 0 10.26) 8.32) 1.94) 2.20) 2.09) 1.99 

.0005 20 10.26] 8.23) 2.03) 2.29) 2.18) 2.08) 1.82) 1.74) 1.67) 1.60) 
.001 40 (10.26) 8.19) 2.07) 2.33) 2.22) 2.12) 1.86] 1.78) 1.71) 1.64) 1.57 
.002 80 10.25) 8.14) 2.11) 2.37) 2.26) 2.16) 1.90) 1.82) 1.75) 1.68) 1.6) 
.003 120 10.25) 8.10) 2.15) 2.41) 2.30} 2.20) 1.94) 1.86) 1.79) 1.72) 1.65 
.004 160 10.24) 8.07) 2.17| 2.43) 2.32) 2.22) 1.96) 1.88) 1.81} 1.67 
.005 200 10.24) 8.04) 2.20) 2.46) 2.35) 2.25) 1.99) 1.91) 1.84) 1 1.70 
.006 240 10.24) 8 2.23] 2.49) 2.38) 2.28) 2.03) 1.94) 1.87) 1 1.73 
.007 280 10.23) 7 2.25) 2.51) 2.40) 2.30) 2.05) 1.96) 1.89) 1.82) 1.7% 
.008 320 10.23) 7 2.27) 2.53] 2.42) 2.32) 2.07| 1.98) 1.91) 1.84) 1.77 


.009 | 360 10.22) 7 2.28) 2.54) 2.43} 2.33) 2.08) 1.99) 1.92) 1 1.78 

.010 | 400 10.22) 7 2.30) 2.56) 2.45] 2.35) 2.10) 2.01) 1.94) 1.87) 1.8 

O11 | 440 10.22) 7 5 2.37| 2.12) 2.03) 1.96) 1 1.82 

| 480 10.21) 7 2.33) 2.59) 2.49) 2.39) 2.13) 2.04) 1.97) 1.90) 1.8 

.013 520 10.21) 7.86) 2.35) 2.61) 2.50) 2.40) 2.15) 2.06} 1.99) 1.92) 

.014 | 560 10.20) 7.85) 2.36) 2.62) 2.51) 2.41) 2.16) 2.07) 2.00) 1.93) 1.86 
| 


2 2.52} 2.42) 2.17) 2.08) 2.01) 1.94) 1.87 
2.39) 2.65) 2.54) 2.44) 2.19) 2.10) 2.03) 1.96) 1.89 
2.66) 2.55) 2.45} 2.20] 2.11) 2.04) 1.97) 1.9 


015 | 600 10.20 
016 | 640 10.20 
017 680 10.19 


018 | 720 10.19) 7.78) 2.41] 2.67] 2.56) 2.46) 2.21] 2.12) 2.05) 1.98) 1.91 
O19 | 760 10.18) 7.77| 2.41| 2.67| 2.57) 2.47) 2.21) 2.12] 2.05) 1.98) 1.91 
| 2.13) 2.06! 1.99) 1.92 


.020 | 800 10.18) 7.76) 2.42) 2.68) 2.58) 2.48 2.22 


= 


=. 
Me ae temperature. In accordance with the activity concept, we may 
write for the activity product of calcium carbonate 
. 
- 
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Since the calcium and carbonate ions have the same valence fos 
will be equal to foo, and therefore 
pK, = pK, — 2 logfca = pK — 4V/u 

The values of pK, for the various ionic strengths (or salinities) 
‘ven in table 2 were computed by this method from Frear and John- 
ston’s (4) value of K, which is 4.8 X 10~° at 25°C. © 
The values of pK, given in this table are from MacInnes and 


Belcher (5). 


Fic. 2. (READING FRoM TO Rieur), 1, BECKMAN Guass ELECTRODE; 
2, “Batu” Mitt ror SaturaTinG WATER SaMpLEs wiTH CaCQ;; 
8, BIocOLORIMETER 


5 
VALIDITY OF EQUATION 


In order to check the validity of the theoretical equation (9) for 
use in connection with natural waters, a series of laboratory tests 
was undertaken. For this purpose, each of ten samples of water 
from widely different sources was treated with an excess of pure 
calcium carbonate powder. The bottles were filled to the top — 
tightly stoppered, so as to exclude all air, and at frequent intervals, — a 
the bottles were rotated in a specially made “ball” mill, illustrated = 


in figure 2. No attempt was ‘made to hold the temperature abso-— 
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lutely constant and it varied between 20° and 25°C. throughout most 
of the period. The clear saturated waters were then syphoned off 
and tests for pH, Total Alk, Calcium, and Total Dissolved Solids 
were immediately made. The pH tests were made electrometrically © 
with a Beckman glass electrode and were checked with a specially _ 
built bicolorimeter of the Gillespie type. Both of these instruments — es a 
are illustrated in figure 2. The biocolorimeter and the ball mill 
previously mentioned were found to be especially useful pieces of s 7 
equipment and will be described in a separate paper. 

The results from this series of tests are given in table 3. A maxi- _ eh 
mum deviation of +0.15 pH unit was obtained. The data — 
the validity of the equation reasonably well. The failure to con- oe es 


of are sufficient to account for the deviations shown. Atten-— 
- tion is called to the fact that in pH measurement of slightly buffered Bee 
- solutions the relative errors may be small, but the absolute error 
under routine working conditions may appreciably exceed one tenth | ee 

of a pH unit. 


os . SALINITY AND TEMPERATURE EFFECTS IN PIPE PROTECTION 


Tt has been shown that in natural fresh waters an increase in 
salinity causes an increase in the solubility of calcium carbonate — ; 
such that a water of 800 p.p.m. total solids requires about threefold | Bice 
more of the salt at saturation than does distilled water. This in- 
crease in solubility is very appreciable in brackish waters and brines 
and is undoubtedly one of the principle reasons why such waters, 2c, 
unable to form a protective carbonate film on pipe interiors and 
exteriors, are so very corrosive. It is known that calcium carbonate _ ; 
is approximately 500-fold more soluble in sea than in fresh water. Pak: 
Attention is called to the fact that equation (11), with the salinity _ 
correction as given, holds only for waters containing not more than | 
800 parts per million total solids. Other correction factors are 
available for more saline waters. a 

In practice it is commonly observed that the tendency of water Ae 
to corrode or incrust pipe is greatest at elevated temperatures. — 
Actually, an increase in temperature exerts two effects: (1) a shift 
of the Index in the direction of higher saturation, and (2) an increase 
in the speed of the reaction in either direction, as a result of decreas- 
ing viscosity. Each of these effects is important and will be dis- 
cussed further. 


a 
: 
: 


Saturation Index, vary with temperature, and although ordinarily 
for any given water it is sufficient to know the value of the Index at 
25°C., it is desirable to have a conversion factor for estimating the 
Index for any other temperature encountered in practice. Consider- 
ing first the temperature coefficients of pH and pKg, it is unfortunate 
that these are not known throughout the complete temperature 
range of 0°C. to 100°C. However, it is known that for at least the 
lower part of this range, pH and pK; decrease at approximately the 
same rate, i.e. about 0.01 units per degree C. Assuming this to be 
correct for the entire range, and since it is with their difference that 
we are concerned, the 25°C. values may be used in the equation for 
any temperature. This is an advantage because pH measurements 
are most conveniently made at room temperature. Thus it is neces- 


TABLE 4 
Effect of temperature on solubility of calcium carbonate 
t, °C. 
0 10 20 25 50 60 70 80 90 
r 1.8 1.4 a 1.0 0.62 | 0.51 | 0.44 | 0.37 | 0.32 


pK,’ | 8.06) 8.17; 8.27| 8.37 | 8.53 | 8.61 | 8.60 | 8.75 8.82 


sary to consider only the temperature correction for pK,. This cor- 
rection is given by Frear and Johnston as log r = (830/T) — 2.78. 
In this equation r is the ratio of solubility of CaCO, at t°C. to that 
at 25°C., the values of which, together with the values of the cor- 
responding pK., are given in table 4. 

It should be noted here that the effect of increasing temperature 
from 25°C. to 90°C. is to decrease the solubility of calcium carbonate’ 
threefold. The significance, of course, is that heating of water will 


? In the literature of water supply, there seems to be much confusion as to 
the correct solubility of CaCO; and also the effect of temperature upon its 
solubility. The lower values (13 p.p.m.) refer to pure water in which there 
is no free CO:, and the higher values (35 to 50 p.p.m.) are for waters in equili- 
brium with the CO, of theair. As to the direction of change with temperature, 
several water technologists state that the solubility of CaCO; increases with 
temperature rise. The work of Johnston and of other authorities indicates 
that this is incorrect. 


‘@ 

ee 4 (1) The effect of temperature on the 25°C. saturation index. The ( 

eS values of pH, pK; and pK,, each of which is used in computing the 1 

: ] 
ae 

= 
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cause a change in the Index toward saturation. For example, a 
water which has an Index of —0.3 at 25°C. will have an Index of 
40.2 at 90°C. 

(2) Effect of temperature on reaction velocity. Temperature is the 
most important factor in controlling reaction velocity. In general, 
for reactions of this kind, involving a solid and a liquid, a rise in 
temperature of 10°C. increases the speed of the reaction about two- 
fold. The importance of this is noted when it is realized that a 
temperature rise from 25°C. to 75°C. increases the speed of the reac- 
tion about 32-fold. The higher the temperature, the more vigorous 
the activity in either direction. 

Sth? 


SIGNIFICANCE OF THE SATURATION INDEX -apiaetd 


From the foregoing discussion it might be assumed that in practice * 


a zero Saturation Index would be ideal. This is correct, provided 
that the Index is zero at those points in the system where the water 
is most active. If such activity occurs principally in hot water 
systems, obviously the high-temperature Index should be zero; on 
the other hand, if cold-water mains or services require protection, 
the low-temperature Index should be zero. Since most corrosion 
troubles occur in hot-water systems, it would seem that an Index of, 
say, —0.4 at 20°C. (which is equivalent to 0.0 at 70°C.) might 
prove best for most supplies. 

It should be emphasized that the Saturation Index is an indica- 
tion of directional tendency and of driving force but that it is in 
no way a measure of capacity. The capacity to coat or corrode the 
pipe will depend upon the property of the water to resist change in 
the value of its Index following attack. Obviously, a high concen- 
tration of both calcium and carbonate ions will permit of a more 
extensive deposit of calcium carbonate than will a low concentration, 
yet both waters might well have the same Index. This buffer 
property, or ability to resist change, will be least in soft waters; 
more accurately, those with the higher values of pH,. The upper 
limit for this value in practice is not known, but it would seem to 
be somewhere in the neighborhood of 9.6. In waters of this type, 
the total alkalinity may need building up and for this purpose lime- 
stone contact, possibly followed with lime dosage, would seem to 
be the best treatment. 

Moreover, the Saturation Index does not indicate the quantity 
of chemical required to establish equilibrium. In general the lower 
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the value of pH, the greater will be the dosage. It can be computed 
but is best determined by treating several portions of the water With 
the chemical which is to be used and computing the Index of egg) 
from its analysis. This method would seem to possess considerable 
merit over the time-consuming and not two dependable marble test, 
It makes use of standard analytical procedures and yields more com. 


plete information. 


WATER CONDITIONING AND THE SATURATION INDEX 


It is interesting to note that most processes of water treatment 
result in a change of one or more of the several factors which deter. 
mine the Saturation Index. Tables 5 and 6 furnish examples from 
practice, illustrating the actual effects of various treatments upon 
the shifting of the Saturation Index. 

J In table 5-A it will be noticed that raising the temperature of 
. an water from 10°C. to 90°C. changes the Index from —0.7 (one-fifth 
saturated) to —0.1 (practically saturated). This is due to the faet 
that calcium carbonate solubility decreases with temperature rise, 

In table 5-B, the effect of zeolite softening (6) is indicated. Here 
the decrease in calcium tends greatly to increase the corrosive nature 
of the water, but, in the case of this particular zeolite, this tendeney 
is partly neutralized by the removal of hydrogen ions. Incidentally, 
it has been found that in proportion to concentration, ha argc lons 


nesium ions. By the same token, ne hydrogen ions are not s0 
easily removed from the zeolite during regeneration. Not all zeo- 
lites increase the pH of the softened water to the same degree, and 
it is believed that this property of certain zeolites in reducing the cor- 
rosiveness of the softened water has not been featured commercially. 
Table 5-C was prepared from operating data of the Frankfurt (7) 
City Water Works plant in Germany. This plant has been in 
operation since 1908 and is perhaps the oldest plant of its kind in 
the world. The treatment of this very soft acid ground water in- 
creases both the calcium and carbonate ions by direct addition 
‘4 through contact with crushed limestone. The hardness is in- 
~ ereased from 31 to 95 p.p.m., and the free carbon dioxide is reduced 
from 30 to 3 p.p.m. by the treatment. The index indicates that 
the water is not rendered completely nonaggressive. 
Table 5-D is included to show how the index varies at successive 
stages of the complete treatment of the soft Sacramento River water. 
To the student of anti-corrosion water treatment, the data of the 
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New York City pipe corrosion experiments (8) are of greatest value. — 
These experiments were broad in scope and conducted with thorough- a. i 
ness, and most of the tests were continued over a sufficiently long 1S 
period of time as to give conclusive results. It is particularly fortu- _ . . 
nate that these experimental results are available to check the pre- Ber 


from these data. The failure of each treatment of the first series _ ie 4 
(Tests 411 to 611) to render the water noncorrosive checks with the by os 
moderately high negative values for the computed Index. Also, _ 
the success of some of the lower lime treatments in the second series _ ; = 
_ of tests (471-A to 771-A) is indicated by the change in the sign of 
the Index. It would seem that this water might best be treated __ 
by a combination of limestone contact and dosage with lime. This _ ‘oa 
treatment, as compared with the use of lime alone, would reduce the Pat ile 
-causticity at the equilibrium point. In any event, a —0.5 index __ 
at 15°C. should give adequate protection to the consumer-owned p 
hot-water systems, since at the higher temperatures the Index would ae 
change to about +0.1. It is believed that such treatment need 
not increase the hardness more than about 15 parts per million. 
Tables 7-A to 7-D inclusive were prepared from analytical data — 
from various sources but mostly from U.S. G. 8. Water Supply Paper 
659, The Industrial Utility of Public Water Supplies (1932). These 
tables contain the computed Index for several typical municipal — 
water supplies throughout the United States and are grouped in ac- 
cordance with the kind of pH adjustment practised. In examining 
these tables it should ~ borne in mind that the data were a poll 


re conditiael as thor are today. “Also, in most instances the 
analyses represent the average of conditions which may fluctuate — 
between rather wide limits. It is believed, however, that from | 
them certain general conclusions may be safely drawn. First, it is 
apparent that most untreated natural waters, both from ground 
and surface sources, lie on the acid side of equilibrium, the surface 
waters to a greater extent than the ground waters, and second in 
most cities where either upward or downward pH adjustment is = 
practised, the tendency is slightly to undertreat. The averageIndex 
numbers (15°C.) for the four classifications are as follows: 3k 


g Unadjusted ground waters (California only)................. —0.48 

Unadjusted surface waters (raw and filtered)................ —1.54 
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ECONOMIES RESULTING FROM PH ADJUSTMENT 

‘It is not the purpose of this paper to discuss at any length the 
economic merits of the pH adjustment of public water supplies except 
to point out that great optimism exists among those who are pioneer- 
ing in this direction. If there is merit in anti-corrosion water treat- 
ment, it is apparent from the data of table 7-D that many cities are 
in a position to take advantage of its adoption. It is believed that 
water superintendents in cities where the Saturation Index of the 
water falls well below —1.0 should investigate its possibilities. They 
will find in general that the annual saving to house owners in cost 
of repairs and replacements to hot-water systems will greatly exceed 

he cos 

the cost 


SUMMARY AND CONCLUSIONS 


An equation is derived for pH,, the pH at which a given water is 
in equilibrium with solid calcium carbonate. This equation, in its 
simplest form and applicable within the pH range 7.0 to 9.5, is: 
pH, = (pK, — pK,) +pCa++ + pAlk. The two latter terms are 
negative logarithms of the molal and equivalent concentrations of 
calcium and titratable base, respectively. pK; and pK, are the 
negative logarithms of the second dissociation constant for carbonic 
acid and the activity product of CaCOs, respectively. The differ- 
ence (pK, — pK,) varies with ionic strength (salinity) and tempera- 
ture. Its value for a soft water at 20°C. is 2.1 and at 80°C. is 1.6. 
A table of values fer varying salinities and temperatures is given. 
Experiments with a wide variety of raw and treated waters confirm 
the validity of the equation at 25°C. The difference (pHactus: — pHs) 
is called the Saturation Index. If the Index is zero, the water is in 
equilibrium at that temperature. A positive Index indicates over- 
saturation and a tendency to crystallize or to lay down a protective 
coating of CaCO; in the pipe, and a negative Index indicates under- 
saturation, or a tendency to dissolve an existing carbonate coating. 
A rise of temperature increases the algebraic value of the Index, and 
for a given water very materially increases the degree of activity. 

The average Index for the several largest unadjusted municipal 
water supplies in the United States was found to be — 1.58 equivalent 
to 2.63 percent of saturation. In those cities where pH adjustment 
is practised, either for corrosion or incrustation control, the tendency 
is to undertreat. 
soft- 
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ening, lime-soda softening, coagulation with alum, contact with lime-— 
stone, dosing with caustic soda or lime, ete., upon the Saturation 
Index, are discussed and examples from practice are given. a 

The Index is shown to correlate with the published results of a_ 
six-year study of interior pipe corrosion by the New York City 
Water Department. 

The Index furnishes a new method which can be used in the labora-— 
tory control of anti-corrosion water treatment. 
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During the past decade there has probably been no single step in 
the processes involved in purification of water for domestic use that 
has gone through a more complex period of flux than has the method 
of mixing coagulants with the water to be purified. The object of 
this article is to present some notes on mixing practice, to briefly 
summarize the various types of mixing which have been used, with 
some opinions of the writer and of engineers who have made much 
more detailed studies, as to their advantages or disadvantages and 
finally to offer some detailed information covering the types of mixing 
now employed at the filtration plant under our supervision. We wish 
to express our appreciation of the splendid articles on this subject 
which have been consulted during the preparation of this paper. 
These articles were written by the capable engineers and chemists 
whose names appear in the attached list of references. — 


y) and 
MIXING PRACTICE at 80°C 


The primary requirement of mixing is that the chemical used as 
coagulant should be thoroughly and intimately distributed through 
the whole body of water. Early practice did not seem to consider 
the time factor for the initial mix to be particularly important, but 
in more recent practice this factor has been greatly shortened. 
Following the initial mix, it has long been recognized that a certain 
contact period must elapse during which the floc must be built up to 
maximum size and density and greatest possible specific gravity to 
facilitate rapid and nearly complete sedimentation. The formation 
of a loosely knit floc even though of large size is not desirable as such 
floc is readily broken up in restricted channels leading through gates 
and baffled openings to sedimentation basins and once broken up it 
does not again form in original size. Langelier’s early experiments 
in 1919 indicated that not too violent agitation but a swirling motion 
was desirable in floc formation. He decided that what was desired 
was the maximum number of collisions between colloidal particles, 
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although the impact must not be too violent but must be\such that 
the flocculated aggregate is not: broken down. Willcomb later made 


the statement, which has been demonstrated in practice, that upon 

application of the coagulant the “reaction is almost. instantaneous 
and a colloidal floe is formed at once and the problem is to increase 
the size of the floe particles by accretion and this is best brought 
os - about by beating them together.” It has been found that after the 
initial mixing, the best results have been obtained by following this 
with a deceleration of velocity of the mass of water in such manner 


the coagulated particles pass from the mixing tanks or chambers into 
the sedimentation basins. The value of laboratory mixing by de- 
a a vices which duplicate the conditions in the plant, in so far as prae- 
_ tieable, has long been recognized. ‘The laboratory devices form an 
index as to the necessary dosage of coagulant for proper plant opera- 
tion. The effort to obtain these results in practice have led through 


a series of steps in mixing practice which may now be discussed. J 
) 


MIXING DEVICES 


, Baffled basins. During the years prior to 1919 agitation of ce 
to produce flocculation was principally carried on through long basins 


coagulation, lack of flexibility to meet varying flow and turbidity 
conditions, and relatively high loss of head. Sete 

hydraulic jump. The hydraulic jump has also been used as 
‘mixing device usually followed by some type of baffled basin. This 
- device is no doubt quite efficient in accomplishing the initial coagulant 

contact and preliminary mixing but involves considerable loss of 
head. 
Conduit mixing and pumps. These two devices, involving in the _ 
former the application of coagulant in a long conduit, provide good — a 
initial and some primary mixing, but can only be applied in plants i. 
having such facilities and does not offer opportunity to.observe the 
mixing accomplished. The application of coagulant ahead of low _ 
lift pumps will provide a rapid and good initial mix but again the = 
application may not be universally applied and lacks facilities for 
observation. 


that the floc is built up to maximum size and density, but not to allow 
tha wealacity to fall to euch a noint that sedimentation heoins hefore 
hal. The objectionable features of this type of mixing are high 
initial eost. due to the’ lone travel necessarv to produce prover 
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Tangential mixing chambers. This type of mixing usually provides 
for a spiral gravity flow agitation. Such agitation has been used at 
Calgary and the flow passes through four rectangular chambers jp 
series with inlet and outlet ports at the side walls alternately at the 
top and bottom, which produce a gentle spiral flow. Mixing action 
is said to be very gentle and floc of proper size and density for sedi: 
mentation is formed. We believe, however, that such a system lacks 
something in flexibility, and may be rather high in initial cost. 

Compressed air. The agitation of water by compressed air for 
mixing of chemicals has been advocated as a means of combining both 
aeration and chemical mixing in one process, with a claim for greater 
economy in operation. The process appears to be very similar to 
that involved in air diffusion in the activated sludge process in 
sewage treatment, the air being passed through a porous medium. 
It is claimed that the mixing of the chemical is positive and thorough; 
accumulation of sediment or floc is prevented by the velocity of the 
water in its flow across the bottom of the aeration chambers; there 
are no unagitated dead spots; floc created is normally large and heavy 
and that the floc is not broken up by the rising stream of air bubbles. 
We have no knowledge of the operation of this method and withhold 
any comment, except to state that Langelier experimented with air 
agitation in 1919 and it is understood that he found it unsatisfactory 
although we believe that the air was not similarly passed through a 
porous medium. 

A survey made early in 1982 by Eugene A. Hardin of the “‘Charac- 
teristics of Rapid Sand Filtration Plants’ in North American cities 
of over 100,000 population showed the following types of mixing in 
vogue at these plants at that time. 

¥d bovollol vilsuew Number 


Types of mizing i of plants 

Over and under baffles and hydraulic jump...................... 1 
Over and under baffles and pumps....................0-62.0-4005 1 
Around end baffles and pumps..... LS 1 


cr 
4 
é 
Over and under baffles and mechanical 1 
a Conduit mixing....... 4 
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The above total of 58 plants in 48 cities have total nominal plant 


- capacities of 3702 m.g.d. and served a total population (1930 Census) 
Pa of 18,600,081. Of this total, 9 plants in 9 cities used mechanical 
te mixing in plants aggregating 504 m.g.d. total nominal capacity and 
wi served a population of 2,345,119. 
is Mechanical Mixing. The agitation of water for floc formation by 
ks mechanical means was a natural development caused by the various 
| shortcomings of other systems all of which included at least one of 
= the following objectionable features: (1) high initial cost; (2) laek of 
th flexibility ; (3) excess loss of head; (4) inadaptability to all conditions; 
mm (5) lack of uniformity of methods. The latter may appéar as~an 
to argument for regithentation but there seems no doubt- that, more 
in uniform practice over the country in this step in pretreatment, will 
ix lead to a better understanding of the phenomenon of coagulation 
h: and an interchange of ideas that will be universally helpful. 
he We believe the first. practical rotary mechanical mixing | device 
ut developed in the laboratory and adopted in practice in a plant, of 
moderately large size was proposed by W. F. Langelier, As a-result 
: of laboratory experiments at the University of California in 1919 he 
1d proposed rotary mechanical mixing to Charles Gilman Hyde for use 
tp at the proposed Sacramento Filtration Plant. The original tentative 
plans for the Sacramento Plant indicate that) a mixing basin) or 
. : chamber of a baffled or similar type was contemplated, but) when 
| ) Langelier demonstrated to Mr. Hyde in 1919 what could be aceom- 
* plished by mechanical agitation in glass jars by rotation of paddles 
“i > similar to an aeroplane propellor, Mr. Hyde, who had been retained 
i to report on possible water supplies for the City of Sacramento: and 


i. later as Chief Designing Engineer of the Sacramento Filtration Plant, 
became interested and arranged for Langelier to continue his experi- 
q a ments in an experimental pilot plant in Sacramento im 1920. These 
Se Ss experiments indicated that the optimum velocity of water for coagula- 
tion with alum was about 2 feet per seeond and a 20 minute duration 
_ period for mixing. The thought then came that more than one tank 
was desirable to. reduce short-circuiting, hence the final adoption: of 
four (4) tanks in series. This was the number adopted forthe 
_ Sacramento plant which was built between 1921 and 1923 and put in 
regular service in February, 1924. Later studies by Langelier 
indicate that two tanks in series should be sufficient provided they 
are deep and narrow, at least as deep as their diameters, although — 
. - short-circuiting is likely to occur if diameter is greater than the depth. © 


following successful California have approximate diam- 
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eter-depth’ ratios for mixing plants which bear out this theory, 
Sacramento 2-1, Beverly Hills about 12-15, Upper San Leandro 
about 1-1! and Chenery 153-18. More detailed description of the 
Sacramento plant, which exceeds this ratio, will follow. It was 
determined by Langelier that the floc must be built up in the presence 
of the turbidity, hence the need for reasonably quick mixing.  Al- 
though laboratory practice indicated, and still indicates, that a 15 
minute mixing period is ample, it was thought best in the Sacramento 
design to allow a considerably longer period of from 20 to 30 minutes 
as a safety factor against short-circuiting. 

Since 1924 a number of filtration plants have adopted mechanical 
mixing as’ standard, but it has been only since 1931 that there has 
been much attempt toward standardization of mixing devices. This 
was started by the design by Marsden C. Smith, at Richmond, 
Virginia, of a series of mixing paddles operating on horizontal shafts 
set either transverse or parallel to the direction of the water flow 
which were named ‘“‘flocculators” and have since been placed on the 
market. The results attained by Mr. Smith at Richmond by the 
use of this equipment were, to quote Mr. Smith: “(1) Reduction of 
alum dose by an average of 1.8 grains per gallon; (2) Vastly im- 
proved quality of finished water; (3) Increased filter capacity; (4) 
Reduction of wash water by more than one-half; (5) Greatly reduced 
operating costs and increased plant capacity.” Another strong 
claim for this device is its adaptability for use in plants already 
constructed. For a preliminary period of flash or high velocity 
mixing to effect complete diffusion of coagulating chemicals through- 
out the water before it passes to the ‘“flocculators” the same company 
produces a ‘‘flash mixer’ which consists of one or more impellers 
mounted on a single vertical shaft and driven through bevel gears by 
a horizontal motor. This mixer may or may not be used as re- 
quired in conjunction with the flocculators. 

Another type of mechanical mixing device is of the straight line 
type, somewhat along the lines of the familiar sludge scraper which 
comprises a series of arms or paddles moving in a straight line for- 
ward and backward along the axis of flow, providing straight line 
mixing with swirls about the moving paddles. 

yout MIXING DEVICES AT SACRAMENTO, 
The Sacramento Filtration Plant includes two separate and distinct 
types of mixing and pretreatment both of which have been previously 
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described in a general way, but as opportunity has been offered 
during the past three years to compare the results obtained when both 
sets of mixing plants and pretreatment works have been operated in 
parallel with almost equal quantities of water, some operating notes 


preceded by design data may be interesting, 


per worite aig 
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Fig. 1. Mrxine Tanks Pappie Mixers 


Original mixing tanks. The tanks which went in service in 1924 
are four (4) in number, each 44 feet in diameter-by 24:5-feet deep 

with an average water depth of 22.5 feet. The capacity of each tank 
— is about 250,000 gallons, or 1 million gallons for 4 tanks which at 
designed capacity of 32 m.g.d. for these works gives a retention period 
of about 46 minutes. As these older works were at times overloaded 
up to 45 m.g.d. rates and above, the mixing period was at such times 
~ eut down to about 30 minutes. The mixing equipment shown in 
- figure 1 comprises 10 steel plate paddles, suspended vertically in the 
~ tank on a horizontal arm, of which 4 paddles have an area of 120 
- square feet and 6 paddles have an area of 130 square feet, or a total 
_ paddle area of 250 square feet. The area of the water in tank cross- 
— section is about 990 square feet giving a paddle area to water area 
— ratio of about 1 to 4. The diameter across the outer paddles is 32.5 


_ feet. The paddles in each tank are operated by a single cylinder 


horizontal, double acting water motor or ram designed by B. F. 
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Raber, and each cylinder is 14 inches in diameter by 36 inch. stroke, 
The water pressure for operation does not exceed 60 pounds per square 
inch and is usually less. By throttling the inlets, variable speeds are 
possible and it has been the usual practice to reduce the engine speed 
from the first to the fourth tank as follows: 


TANK NUMBER ENGINE SPEED INDICATED 
r.p.m,. feet per second 
as ag 2 3.4 3.36 
3 } 1.5 2.55 2.52 
4 1.0 1.7 1.68 


The water enters the first tank at the bottom along two radial 
ports so as to give an original rotary motion which is increased by 
the paddles. Water leaves the first tank at one side near the top, 
entering the second tank from which it leaves at the bottom, entering 
the third tank at the bottom and leaving it at the top to tank No. 4 
and finally passing out through similar radial ports at the bottom of 
the fourth tank. 

The operation of these mixing tanks has given uniformly good 
results when proper coagulant dose of liquid aluminum sulfate was 
applied, with good floc formation in the first tank which grew larger 
and denser in each successive tank to the fourth, from which it 


passed to the sedimentation basins. . 
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New mixing tanks. The new pretreatment works were added to F 
the Sacramento plant, on February 3, 1933 to furnish much needed 4 : 
additional pretreatment capacity to the old basins of nominal es ‘4 
capacity of 32 m.g.d. The nominal capacity of the new basins is — 
64 m.g.d. although we believe a 48 m.g.d. rating would be more 
nearly accurate. The circular mixing tanks for the new works are ie ie 
four in number, each 56 feet in diameter by 23 feet deep with an 
average water depth of about 21 feet. The capacity of each tank 
js about 387,000 gallons or about. 1,548,000 gallons for the four tanks, Boyt 
which at the designed capacity of 64 m.g.d. gives a retention period 
of about 34 minutes or about 45 minutes at 48 m.g.d. rate... After 
passing the detritor and aeration fields the raw water may be,ad- 
mitted to the mixing tanks in one or more of three places, namely, 
into No. 1 tank, into No. 4 tank or into the channel between Nos..2 _ 
and 3 tanks or the tanks may be by-passed completely and the water | 
passed directly to the clarifiers. The liquid aluminum sulfate. or 
alum syrup used as coagulating medium may be applied to the 66-inch 
steel raw water line by use of a sperial ejector or it may be applied to 
any one or all of the four mixing, tanks directly from a 4-inch, cast 
iron line passing direetly over the tanks with special plug cocks near 
the center of each tank. Raw water in moving through the tanks 
passes in at the top tangentially and out at the bottom through a 
pair of radial throats, or vice versa, as it moves from tank to tank. 
Water may be passed for agitation through all four tanks in series, 
through a two-pair series parallel combination or through a single 
pair of tanks in series with the other two tanks cut out. 

Mixing is accomplished in each tank by use of a special “‘Spiro- 
vortex” mixing pump which comprises a large vertical double suction 
steel plate pump runner 8 feet in diameter over the discharge ports 
by 14 feet } inch in length. The discharge ports are 6 inches wide for 
each half, or 12 inches total width of ports and each pump was 
designed to handle 20,000 gallons per minute against a total head. of 
1.5 feet of water. The pump runners are so designed as to operate 
equally well in either direction of rotation. It will be noted that at 
the designed retention period of about 8.5 minutes per tank at 
maximum capacity, about one-half of the water should theoretically 
pass through the pump. The pump runners are mounted vertically 
at the center of each tank on 5-inch steel shafts which extend up 
through the steel bridge framework to the speed reduction gears and 
driving motors. Pumps are driven by vertical 25 HP, 210 volt, 3 


_ phase, 60 cycle, 4-speed squirrel cage induction motors operating gt 
_ synchronous speeds of 1200/900/600/450 r.p.m. and driving the 

- pumps through speed reducing gear sets of 40:1 ratio at actual 

_ available speeds of 11.1/15/22.5 and 30 r.p.m. Control arrange. 

- ments are provided for driving the pumps at any of these speeds and 
in either direction. 

Operating results. All possible methods of operating this mixing 
equipment to produce the best possible mixing and coagulation, 
with various points of application of the coagulant were tried with 
rather discouraging results, for the pumps produced a great deal of 
turbulence in the tanks at the higher speeds which would probably 
be admirable for flash mixing but too much for good floc formation, 
The power requirements were rather high as shown in accompanying 
table but the main objection was lack of satisfactory floc. Therefore 
it was decided to throttle the pump discharges, which was done by 
clamping a No. 12 gauge galvanized steel band 10 inches wide around 
the discharge ports, leaving only a 1-inch opening on each of the top 
and bottom ports. This resulted in materially lessening the power 
consumption and appeared to improve the floc slightly but not to our 
satisfaction. The power demand of the motors in each case was as 
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Pump No. 3 with 12-inch ports open as 
tenn 

SPEED NUMBER PUMP SPEED POWER DEMAND OF MOTOR 

9 zi » 30 34.56* 


* Motor not up to speed. 


ttew 


i 
_ Pump No. 3 with 10-inch band over 12-inch ports. 


SPEED NUMBER PUMP SPEED POWER DEMAND OF MOTOR 
r.p.m. kilowatts 

hure ete 4 w orl? 30 10.56 
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The seeming discrepancy in power demand at No. 2 speed is prob- m 


ably caused by the relative position of variable speed windings in the 


stator slots, one set of coils being located farther from the rotor than | 


the other. 


The unsatisfactory results of the above experiments led to the | 


decision to decrease further the speed of one pump which was done by 
inserting another set of planetary gears between the original set and 
the pump shaft on Pump No. 3 which gave a further speed reduction 
in 7.5:1 ratio, thus reducing the available speed on this pump to 
1.5/2/3 and 4 r.p.m. This change produced much better results 
when pump was operated at 3 and 4 r.p.m. with 12-inch ports on the 
pump wide open. The power requirements were about the same for 
3 as for 22.5 r.p.m. with the 10-inch band on the ports and about 
one-half as much power was required at 4 r.p.m. with 12-inch open 
ports as for 30 r.p.m. with ports throttled with 10-inch band. Al- 
though the floc formation is much better at the new low speeds on 
this pump, even better results should be obtained at these speeds 
by the substitution of a system of vertical paddles attached to the 
5-inch shaft and it is planned to make this change on one pump and 
make a trial run. The decision to make this change has been in- 
fluenced by the good results which have been accomplished by vertical 
paddles in the old tanks, as it is felt that this type of vertical slow 
.oving paddle is the best for use in a ah deep tank. 


Results of experiment and operation in our own plant indicate that 
a fairly rapid initial mix, followed by gradually decelerated gentle 
mechanical agitation in mixing tanks or basins, with sufficient re- 
tention period, maintaining velocities just high enough to increase 
the size and density of the floc with lowest velocity limited to prevent 
presedimentation, is the treatment that will produce the most uni- 
formly satisfactory results for all ranges of flow and turbidity and 
this flexible operation can best be accomplished by adjustable, slow 
moving paddles driven at a number of variable speeds by mechanical, 
hydraulic, or electric prime movers as the special installation may 
indicate. 

Basing an opinion on: (1) the known deficiencies of the types of 
mixing arrangements and devices noted earlier in this paper, which 
we believe are inherent to some degree in all devices prior to the 
advent of mechanical mixing; (2) on results obtained in plants using 
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, mechanical treatment; (3) on similar conclusions by Langelier, 
Smith, Enslow, Baylis, Goudey and others, we believe the prediction 
is: justified that purification plants of the future will turn more toward 
the mechanical agitation of the water after the application of the 

eoagulant than in the past. T 
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(Sanitary Engineer, California Water Service Company, Stockton, Calif.) 


In the clarification of turbid and colored waters by the process of 
rapid sand filtration, the first and most important step is that of 
proper conditioning or preparation of the raw water. Under ordi- 
nary conditions this is accomplished by chemically induced sedimen- 
tation, or in other words, by coagulation and sedimentation. Chem- 
icals used for this purpose are referred to as coagulants or coagulating 
agents. When added to water they react with the alkaline con- 
stituents to form an insoluble gelatinous precipitate which absorbs 
or entraps bacteria, coloring matter, suspended mud, and other 
impurities. Gentle agitation of water thus treated results in the 
coalescence of small particles and finally in the formation of com- 
paratively heavy aggregates which settle rapidly during the usual 
period of sedimentation prior to filtration. The net result, of course, 


is an acceleration of clarification and a lessening of the load to be 
borne by the filters. Hf, 


CHEMICALS: FOR COAGULATION 


~ Here in California the only chemicals being used for coagulation 
are sulphate of alumina, ferric chloride, and in some industrial in- 
stallations, sodium aluminate. In other parts of the country, how- 
ever, use is made also of copperas, chlorinated copperas, ferric sul- 
phate, and ammonia alum. 


Equipment for feeding chemicals is either of the solution or dry 
feed type. Preference in recent years is almost entirely for the latter, 
although many plants still get satisfactory service from solution 
equipment. 

For the most part solution feeders consist of a wood or concrete 
tank for dissolving and storing the chemicals, and an orifice type 
feeder which controls the rate of application. From the feeder the 
solution drops into an open ¢ ae or duct, or else into . i 
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float tank connected dither to an injector or to the suction side of g 
lift pump. 
_ Proportioning devices of various kinds are also available for con. 
trolling the application of chemicals in solution. These are designed 
to start, vary, and stop the chemical flow automatically and are 
a actuated usually by a flow responsive device such as a standard water 
meter. 
BPs Special equipment is needed for ferric chloride in solution. Storage 
is generally in rubber-lined steel tanks or in dense concrete tanks 
ea _ protected either by latex or by asphaltum and felt linings. Control] 
is usually maintained by orifice type feeders made of either hard 
= “rubber or glass, although there are also other types of proportioning 
_ devices made expressly for service of this kind. 

Milk of lime suspensions also require special handling. This is 
accomplished usually by equipping either the wood or steel storage 
“th with a motor driven paddle. Agitation thus provided keeps the 
lime in suspension and prevents clogging and inaccurate feeding 
which would otherwise occur. 

Feeders handling and applying chemicals in the dry form have the 
advantages of simplicity, small space requirement, ease of operation, 
and uniformity in application. For convenience in filling and re- 
ducing dust troubles to a minimum, they should be connected by 
extension hoppers to a chemical storage room above the feeder room. 
Another desirable feature, especially when handling lighter chemicals 
such as hydrated lime and soda ash, is an agitating device of some 
kind which will effectively prevent arching in the hopper and con- 
séquent irregularity in the rate of feed. 

It is not desirable in a paper of this kind to describe different types 
of dry feeders and their relative merits or demerits. Instead, it will 
be of more value and less productive of argument to discuss briefly 
various factors entering into the selection and purchase of suitable 
equipment. 

In the first place, nothing is more important when asking for 
prices on dry feed machines, than a statement setting forth clearly 
and concisely the type and scope of service expected. To do this 
give the following facts and data: 

1. Name of chemical or chemicals to be handled. 
2. Character of chemicals. Under this state whether the material 
will be in lump, granular, or powdered form. If either lump or 


granular, ive the a approximate size. 
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3. Number of feeders. State here the number of..1 upite vail the we | 
kind or kinds of chemical to be handled by each unit. It happens oy 
quite frequently, of course, that a feeder must be suitable for use 
with more than one chemical. 

4, Capacity required. Give in pounds per hour the expected _ 
minimum and maximum rate of feed for each chemical. ; " 

5. Installation and type of operation. Submit a drawing showing % cae 
exact feeder locations and whether or not each unit is to be con- oe 
nected by a hopper to the floor above. Also indicate whether.each — a 
feeder should be fitted with a baffled mixing pot or ejector for wet 
feed application, or whether feeding will be in the dry form directly sa 
to the raw water, * 

6. Power for motor. Give the voltage and frequency. 

7. General information. Describe briefly facilities for application 
and mixing and give an approximate idea as to the maximum and 
minimum rates of flow. Also mention the general character of the 
water to be treated and any other features possibly related to the  __ 
selection of dry feed equipment. 

The manufacturer in return should furnish complete information 
regarding the equipment on which he is quoting. In addition tothe _ ‘ : 
ordinary details of price, capacity, and suitability for the specified — 
chemicals, data should be given on such items as motor size, pro- | 
vision for agitation of material in hopper, and protection against dust. 
Where the method of adjustment permits, it would be deisrable also 

to submit a calibration chart showing rates of feed corresponding to _ a 
various settings and giving some idea as to the accuracy and uni- 
formity of operation. The purchaser is thus provided with complete __ 
and comparable information, and is then in. a position to select 
equipment best suited for his particularjob. = = | 


SEDIMENTATION 


In the now accepted sense of the word, a settling basin is onein 
which suspended material is settled and removed without the aid of = 
chemical coagulation, whereas a sedimentation basin is one in which 
settling is aided or accelerated by coagulation. 

There is no such thing as standard practice in the design of sedi- 
mentation basins. In.most eases the size and shape selected depend _ 
on local conditions, the general layout of the plant, and the opinions 
of the designing engineer. As a result, some basins are rectangular, — 


1535 
of a 
‘On- 
ned 
are 
ter 
age 
nks 
Tol 
ard 
ing 
is 
age 
the 
ing 
he 
by 
m. 
als 
ne 
n- 
eS 
ill 
le 
or 
‘is 
al 
or 


om W. BROWN 


[J. A. W.-W. 


others are square, a few are circular, and we are still looking for the 
design which will give perfect results under all conditions, [y 
- general, however, it is safe to say that every sedimentation basin 
_ should include the following features: 

1. A retention period between 4 and 6 hours. Actual time re. 
quired for production of a properly clarified water, say one having a 
_ final turbidity of not more than 20 p.p.m. and preferably less than 
- 10 p.p.m., depends on several factors. Among these are the nature 
of the raw water, the kind of coagulant used, the efficiency of mixing 
and settling, the temperature of the water, and the character of the 
resulting sludge. 

2. A depth between 12 and 15 feet. This is perhaps a controversial 
feature, but best results now appear to be obtained in basins having 
depths within this range. 

8. Provision for series or parallel operation. This is desirable both 
_ in small plants where there are usually two basins, and in large plants 
where there are three or more. 

_ 4, An inlet arrangement to permit uniform entrance and distribu- 
tion of the coagulated water. Diffusion baffles placed about three 
feet out from the basin walls, or entrance ports of suitable size and 
spacing, are generally used for this purpose. 

= _- 5. Velocity of flow through the basin of about one foot per minute. 
. This should be as uniform as possible and should be assisted where 
necessary by suitably placed baffles. 

6. An outlet arrangement to bring about uniform removal of 
clarified water from the top part of the basin. Here, and also in 
pipes or channels to the filters, velocities must be kept low enough 
to avoid damaging the remaining floc. 

7. Suitable facilities for cleaning. These include properly sloped 
_ bottoms, sludge outlets, and sufficient high pressure hose con- 
nections. 

Some of the newer basins, especially those in softening plants, 
are equipped with scraping devices for either intermittent or con- 
_ tinuous sludge removal. Of the two general types of mechanisms 
available for that purpose, one is a slowly revolving rake and the 
ie a seraper. In the former, sludge is pushed toward an outlet 
_ in the center of the basin, and in the latter, dragged by the scraper 

blades to receiving hoppers at the end of the basin. The scraper 
type is particularly suitable for square or rectangular basins. = 
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COAGULATION CONTROL 


In the operation of rapid sand filter plants, probably no one feature : 
is of greater importance than the careful and intelligent control of = 
chemical treatment. The purpose, of course, is that of getting 2 eer - 
efficient coagulation, which in turn means getting a good floc with i: , 
the lowest possible dose and at the same time leaving a minimum _ 
residual of the chemical in the filtered water. ry 

To get the most out of coagulation, an operator should il 7 

a 


experience plus an ability to make and interpret laboratory tests 
Some do fairly well on experience alone, but for the most part con- 
tinuous efficiency is a product of laboratory control. It is therefore — 
desirable that plants be equipped with facilities suitable for this a7 
purpose, and that operators be trained to interpret and apply their EB “3 
laboratory findings. 
laboratory progratn for the control of ‘coagulation generally = 
includes the following features. hoe 
1. General routine. Periodic checks are usually made on the 
physical and chemical characteristics of the raw and filtered water. 
These include determinations of color, turbidity, temperature, 
alkalinity, hydrogen ion concentration, and in some instances, ime 
carbon dioxide and hardness. Frequency of testing is usually once _ 


a day, although this is regulated for the most part by the nature and 
a of changes in the raw water. . 

. Color and turbidity. Color and turbidity determinations are 
of ples in that they serve as a guide to chemical requirements, A = a 
convenient procedure for a given supply is to plot records of turbidity — ae 
or color against corresponding doses, and to use the resulting chart on is 
for determining approximately the amount of coagulant required for - ee 
various conditions in the raw water. 

3. Temperature. Temperature readings are desirable because 4 
they have a direct bearing on the efficiency of coagulation, It is 
known, for example, that proper floc formation is retarded in cold | a 
water and that a condition of this kind usually calls for more than a = 
normal amount of coagulant. 

4. Alkalinity.. Alkalinity determinations are important Le 
in regulating corrective treatment for corrosion. They are also of ie i 
value, however, in calculating the probable effect of alum and iron — ee 
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in whether or an alkali addition 
will be necessary for proper floc formation, 


Theoretical factors con. 


Theoretical Alkalinity Equivalent 
Alum Lime as CaO 4.3 
Alum Lime as Ca(OH), 5.7 
as ,cortel Soda Ash as NasCO; 8.2 
opperas “te sime as Ca 
Anhydrous FeC]; Natural as CaCO; 15.8 
todit Anhydrous FeCl; Lime as CaO 8.9 
1 Anhydrous FeCl; Lime as Ca(OH) 11.7 


: Alum 8.2 increase 
gy Anhydrous FeCl; 13.9 increase 
Soda Ash as 7.1 decrease 
a Lime as CaO etoeds vibo decrease 


In actual practice alkalinity changes vary on both sides of the 
heoretical, records of some plants showing a greater decrease and 
others a lesser decrease than calculated. ‘ For ordinary purposes, 
however, the theoretical values are usually close enough. 

5. Hydrogen ion concentration. Of the tests avalable for coagu- 
lation control none is more useful than determining the pH of the 
treated water. This can be done quickly and accurately, and doses 
changed whenever results show an appreciable variation from the 
previously established optimum. 

In filter plant parlance the optimum point for coagulation may 
refer either to the chemical dose or to the pH of the treated water. 
If the former, it means the lowest dose giving good floc formation, 
and if the latter, the pH of a water after addition of the optimum 
dose. 

There is a definite zone or range of optimum pH values for each 
coagulant. Alum, for example, is usually most effective between 
4.0 and 7.0, ferric compounds between 3.5 and 6.5, or above 8.4, 
and copperas above 8.4. 


6. Coagulation test. For waters of unknown quality the surest 
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and quickest way of determining the quantity and type of coagulant 
is by means of the so-called “jar test.’’ Apparatus required for this 
purpose is not elaborate and usually consists of a mechanical stirring 
device, half a dozen jars, pipettes, pH testing equipment, and a 
standard solution of the coagulant. Samples for testing may be 
anywhere from one liter to one gallon in size, with the latter usually 
preferred. 

Preparation, of solutions is an easy matter. For gallon samples 
dissolve 6.5 grams of the chemical in 1000 ml. of distilled water, and 
for liter samples 1.7 grams in 1000 ml. of distilled water. The 
resulting solutions are such that 1 ml. of the former added to a gallon, 
and 1 ml. of the latter added to a liter are each equivalent to a dose 
0.1 g.p.g. 

In making the test the usual procedure is to fill the jars with raw 
water and to add to each in order a gradually increasing dose of the 
coagulant solution. The treated samples are then stirred vigorously 
for two or three minutes, gently for twenty minutes, and finally 
allowed to stand for a period equivalent to the retention period of the - 
plant sedimentation basins. 

Selection of doses for a series of samples is based as a rule on the 
results of preliminary physical and chemical tests and the experience 
of the operator with that particular water. Where conditions are 
new and experience is lacking, it will be necessary to try various — 
doses and combinations of doses until results show the minimum 
needed for proper floe formation. Characteristics to be observ i 


when making the tests are as follows: 

(a) Length of time required for first appearance of floc. 

(b) Appearance of floc at end of specified stirring period. 

(c) Appearance of supernatant liquid and extent of floc settlement _ 
ae period of standing equivalent to basin retention. 
Bae The lowest dose of chemical giving suitable floc formation is the — 
‘one to use in the plant. This is the optimum for effective coagula- 
_ tion, and the pH of the sample so treated is the optimum which should Ee 
be maintained on the water in the mixing chamber. 
A permanent record should be kept of jar test results. This should = 
include physical and chemical characteristics of the raw water, —_— 
tried, corresponding floc appearance, and pH of the treated samples. | 
Information thus maintained is always of value in determining — 


chemical doses, and is especially useful during periods of frequent — = 
changes in the raw water. + ta 
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- Operating program 


- The final step in coagulation control is to adjust doses in accord. 
ance with jar test findings, and thereafter to observe the appearance 
and check the pH of water in the mixing chamber. Knowing what to 
look for, of course, is largely a matter of experience, but in general the 
following comments will be helpful. 

1. Appearance of water. A cloudy or milky appearance indicates 
incorrect treatment. In a properly coagulated water, as seen in g 
mixing tank or entering a sedimentation basin, floc particles are 
distinct and well formed, and the surrounding water clear instead of 
cloudy or milky. 

2. Examination of coagulated water. For waters subject to fre- 
quent changes in quality and for any which are otherwise difficult to 
coagulate, it is usually helpful to examine samples from the mixing 
chamber outlet. These should be taken at regular intervals, allowed 
to stand for at least fifteen minutes, and then observed for floc 
formation and settlement. Correct treatment will be indicated by 
a zone of clear water at the top of the jar or beaker and at the bottom 
by partial settlement of the coagulated material. 

It must be remembered, finally, that natural waters vary greatly 
in their composition and character. Each is a problem in itself and 
as such requires a separate study to determine on a cost and per- 
formance basis the best coagulant and the best method of coagulation. 
When that is done and a plant is designed in accordance with accepted 
principles, efficient treatment will depend on conscientious operation 


and ability of the personnel to recognize and handle various changes 
in the raw water’ fem tot initio 
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"FILTER DESIGN AS RELATED TO OPERATION 
By Harry N. Jenxs tot 


(Consulting Sanitary Engineer, Berkeley, Calif.) 


A consideration of recent progress in the field of rapid sand filtration 
discloses a trend towards improvements in structural arrangement 
and functional design of the component parts of the plant, particu- 
larly through the introduction of numerous auxiliary units and equip- 
ment to strengthen the process as a whole and make it more flexible 
and reliable. It appears that more progress has been achieved in 
perfecting the functions of the pre-treatment and auxiliary treatment 
stages of filtration than in adding to the usefulness of the filter itself. 


Current sanitary engineering practice is unmistakably in favor of . 38 
_ producing the best possible water before it reaches the filters. Gen- = aos 
erally speaking, the filter itself has remained about as it was ten 


or more years ago; and the fact that filtered water is now much im- 


i proved, or is at least of more uniformly acceptable quality — 
from the taste point of view), is not so much because the filters are 
better or more efficient per se, as that the process in its entirety, — 2 
preceding the filters, has been materially improved and brought 
the operator’s more nearly complete control. 
Fundamentally it has always been the filter’s main task to polish 
up the water delivered to it by the pre-treatment works. This 
operation of refining relates primarily to elimination of residual tur- 
bidity and bacteria. In many cases even this latter function is 
somewhat incidental, as in water softening plants where excess - 


in operation. During the past decade the filter has been relieved of — 
doing very much work. 7 

Logically, then, a promising avenue of further advance in rapid 
sand filtration plant design would be to improve the filter unit itself ab 
and oan permit a more nearly balanced design of the pee 


In ssaialiins the filter do more of the work than at present, the dati. a ~ 
returns to one of the first principles in the cycle of development of — a 
sand filtration. Such plants as now dispense with coagulation and sor 
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sedimentation in the ordinary sense typify this reversion, in part, 
to the original method of water purification by slow sand filter 
operation. A notable example of such a modified conception of the 
general theory of design is found in the Kempton Park filtration 
works of the London Metropolitan Water Board, which the author 
had the privilege of inspecting recently. This plant accomplishes 
the entire work of purification by filters alone, comprising roughing 
filters followed by accelerated slow sand filters. 
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Fie, 1. View oF Kempron Park WorkKS OF THE LONDON 
(ENGLAND) METROPOLITAN WATER BOARD 
A noteworthy example of roughing rapid sand filters (A) without coagula- 
tion, followed by secondary slow sand units (B), resulting in maximum over- 
all economy of first cost and operation. Storage reservoirs (C) in background 
of photograph. 


to beveile: need ard 
Filter structure ae 


General characteristics. The filter structural units of municipal 
filtration plants are, with few exceptions, of reinforced concrete and 
provide for gravity filtration in open beds. As is well known, the 
number and arrangement of units for installations of different ca- 
pacities is quite well standardized. The shape and individual size of 
the filter beds are also well defined in practice. The larger-sized 
units, of 4 to 6 m.g.d. capacity, have become rather common, as a 
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art, result of the construction of very large filtration works in recent years, 
ter and because of the practical outworking of the hydraulic problems 
the involved in the design of adequate underdrain systems for the sand 
ion beds. 

10r In effect, the filter structure of today differs little from what it was 
1€8 ten years ago, so far as physical arrangement, shape, and dimensions 
ng are concerned. The most important changes in design and operation 


have occurred in relation to filter equipment. 
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Fig. 2. Inrerior or DuruaM, N. C., FILTRATION PLANT 


View showing an interesting combination of a well-lighted pipe gallery and 
pumping plant, with all pipework and equipment conveniently accessible to 

oovony 


Filter equipment of aed 


The pipe gallery. A notable advance has been made in recent 

_ years in the simplification of the pipework and appurtenant equip- 

- ment found in the pipe gallery of the modern filter plant. The 

4 inconveniences and maintenance difficulties and costs that have beset 

the operator have been correspondingly diminished. Also the ill- 

_ lighted, inaccessible and often dripping condition of the pipe gallery 
itself is, and should be, a thing of the past. 

T he only i sonia ement over a well-arranged pipe gallery is on 


_ Iowa. Here the niga ork is reduced to a minimum, the rate con- 
oe - trollers installed in individual inspection wells, and the pipe gallery 
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space converted into a filtered water storage basin that serves ad. 
mirably to balance the draft imposed by the operation of the wash. 
water pump or by peaks of short duration occasioned by the operation 
of the high service pumps supplying the city distribution system, 

One arrangement of filter piping that offers numerous advantages 
involves the placing of the influent and washwater drain channels or 
conduits external to the pipe gallery, on the opposite end of the filter 
boxes. An example of this principle of design is found in the new 
Milwaukee filtration plant. By so doing, it is possible to substitute 
relatively inexpensive sluice gates on the influent and drain inlets and 
outlets of the filter units in the place of valves as normally used on 
pipe lines. 

Underdrain systems. As in the case of the pipe gallery, so in respect 
to filter underdrains, the trend is towards simplification in both 
general design and details. For purposes of this brief discussion, 
the usual graded gravel layer will be considered in conjunction with 
the pipework or other means of underdrainage. 

Fundamentally, the material with which the filter is equipped 
below the sand bed has two major functions to perform, namely, the 
collection of the filter effluent and the prevention of the penetration 
of the sand particles below the sand and gravel interface, during 
filtration; and the primary distribution of the washwater, followed 
by its secondary diffusion over the sand bed area, during backwash- 
ing. The first requirement presents a physical or mechanical prob- 
lem, while the second involves an hydraulic problem of design, both 
of which vitally affect operation, as every filter operator knows who 
has experienced breaking-through of the sand bed, or the evils at- 
tending uneven washing. 

There appears to be a general agreement among designers that, so 
far as basic principles are concerned, the perforated pipe system of 
underdrains, functioning in conjunction with a suitably graded gravel 
bed, or some one of several commercial modifications of these elements 
of design, fulfills the operating requirements reasonably well. Never- 
theless, the peculiarities and vagaries of operation at surprisingly 
numerous plants throughout the country continually disclose the 
shortcomings of the conventional underdrain systems. No element 
of the filter unit needs to be so close to perfection as the underdrain 
system, if the operator is to be spared serious direct or indirect 
disruption of filter performance. 

With these considerations in view, The Carborundum Company is 
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perfecting the physical characteristics of a plate to serve as the basic 
element in a porous medium underdrain design known as the “RSF” 
(Rapid Sand Filter) system. This design, based on practical ex- 
perience in the use of porous cemented gravel as reported by the 
author at the Buffalo convention of this Association in 1926 (Journal, 
November, 1926), consists essentially of porous plates which cover 
the entire structural floor of the filter box. They are bonded directly 
to the floor without the aid of holding-down bolts or other accessories. 
Lateral channels are formed in the porous medium itself for collection 


Fic. 3. INSTALLATION OF Porous PLaTe UNDERDRAIN SysteM IN A Rapip 

Sanp FivTer 
Lateral channels are formed on the underside of the plates, which are — 
- bonded directly to the filter floor. The filter sand rests directly on the plates, 
the usual graded gravel bed being eliminated. (Courtesy, The Carborundum 


of the filtered water and distribution of the washwater. These 


A 


channels function hydraulically in the same manner as perforated 
pipe laterals. The usual bed of graded gravel is entirely eliminated, __ 


éa the filter sand resting directly on the porous plates. Thus the plates Saxe 
perform completely the function of the gravel layers in diffusing the _ 
_ washwater uniformly into the filter sand. Some of the demonstrated — 

operating advantages of this new development are the permanent _ 


avoidance of filter sand bed disruption and penetration of the = — 
into the underdrain system; and a practically perfect uniformity of = 
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backwash obtainable at losses of head of a substantially lower order 
of magnitude than is possible with the perforated pipe underdraip 
design. The plates are of specially coarse-grained material, fore. 
stalling premature clogging difficulties. Several preliminary jp. 
stallations have been made, and it is believed their successful opera. 
tion over a period of time will mark a needed advance in this element 
of filter design. jo 4 


Fig. 4. ELecrRicALLY OPERATED FILTER CONTROL PANEL Boarp, 
Fr. (la.) Works 


= Showing welded steel construction of cabinet. Each board controls the 
ow operation of a pair of filter units. Loss-of-head and rate-of-wash gages are 
at eye-level. Lever handles operate hydraulic valves, the position of the 
Filter control equipment. The provision haf advaniate filter cout 
=a equipment for the modern filter unit has a direct bearing on the in- 
telligent and efficient operation of the plant. The design of the filter 
operating table or control panel board calls for good judgment in the 
va determination of the equipment itself but also the extent of such 
- equipment. As a matter of fact, in all but the largest plants, the 
tendency in times past has been to specify complete apparatus for 
each individual filter unit; whereas operating experience shows that 
the use of master meters and gages is sufficient for the general control 
of operations, with a limited number of gages and controls for the 
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The use of hydraulically-operated valves and sluice gates greatly 
facilitates the operation of all but the smaller filter units, it being 
quite practical to employ hand-operated devices for the latter. 
Gnerally speaking, the washwater valve is the most important to 
control hydraulically, for positive and ready operation when back- 
washing the filter unit. 

From the operator’s point of view it appears that trouble-free 
functioning of the filter rate controllers and other filter equipment is 
of more practical consequence than extreme accuracy of control or 
measurement. Valve stem position indication is much less likely to 
get out of order when transmitted electrically than by means of cords 
and pulleys. The writer is not aware that any manufacturer has 
standardized on the electrical method, although its operating ad- 
vantages must be obvious to all. 

The hydraulic control of filter equipment is at present effected by 
improved four-way cocks, or “switches,” whieh are practically free 
from unsightly drippage characteristic of this detail of design hereto- 
fore. Possibly the remote control of filter valves could best be 
effected electrically rather than hydraulically, especially in the larger 
plants. In any event, for installations of all sizes, there are decided 
advantages in electrical indication of such items as loss-of-head and 
rate-of-wash, on the individual panel board. The panel board of 
the Ft. Dodge, Iowa, plant manufactured by the Republic Flow 
Meters Company of Chicago, is indicative of the possibilities of 


combined utility and attractive appearance in this regard. ay 
FILTER OPERATION 


Normal operation as influenced by design 


The adequacy of any well-designed filter unit for normal operation 
is to be taken for granted. The problems of design for such normal 
conditions have been satisfactorily solved; and the details of design 
of the filter unit itself have accordingly been developed to the point 
of so-called ‘standard practice.” It is unnecessary to more than 
state this fact before enumerating briefly a few of the well-known 
operating difficulties or abnormalities requiring special consideration 
on the part of the designer of the filter plant. 


Operating difficulties anticipatable in design 


The combined experience of the engineer and the plant operator 
will generally solve most of the difficulties of filter operation; and the 


_ chief means at their command for this purpose are the provision of © 
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proper adjuncts to the filter itself or the pre-treatment works, and 
the application of specific auxiliary chemical or similar treatment 
procedures. 

By and large, when a difficult water is to be filtered, the greatest 
aid to trouble-free filter operation is to be found in special design 
features embodied in the pre-treatment processes. On the other 
hand, improved resistance of the filter unit against impaired efficiency 
or break-down is assured by the proper selection of the size of sand 
and of the means of keeping it physically clean. 

In the first category the most important recent developments are 
undoubtedly those that relate to the use of chlorine in its various 
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Fic. 5. Typicau Section or FILTER WITH SURFACE WASH FOR PREVENTION OF 
Mop Batu ForRMATION 


General arrangement of piping for large-sized filter units. This auxiliary 
wash is used in conjunction with the usual backwashing facilities. (Courtesy, 
John R. Baylis.) 


forms and of activated carbon in its powdered form. The treatment 
of the water in its initial stages of purification, prior to its application 
to the filter beds, conditions the water for filtration to a most impor- 
tant degree where tastes and odors, high dissolved organic matter, 
algae and other similar undesirable characteristics are present in the 
raw water. The efficacy of the numerous forms of chlorine and 
carbon treatment is exhaustively discussed in current literature, and 
the necessary equipment for the practical application of such treat- 
ment has been capably developed by various equipment manu- 
facturers. 

In the second classification, namely aids to filter operation as ad- 


juncts to the filter proper, the question of sand sizes and depths - f. 
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been most thoroughly investigated by the joint committees on 
ing materials of this Association and of the American Society of Civil Be 
Engineers. The researches of John R. Baylis of Chicago also com- — Bik 
prise a notable contribution to a fundamental understanding of this = 
subject. Indications are that coarser sands may characterize filter __ 
installations of the future. The use of other filtering materials, — 
such as coal particles, of various sizes and specific gravities, as well as a 
combinations of different materials in the same bed, enable adv antage — 
to be taken of their adaptability to special filtering conditions requir= ss 
ing unusual depths, rates of wash, etc. ye: 
Further than this, there is demonstrated value in the surface __ 
washing of the sand, as used by Baylis and others. Such auxiliary  —__ 
washing is, as well known, particularly effective in chronic cases of _ 
mud-ball formation. The surface wash is designed to prevent this 
condition of the filter sand, which is, to say the least, a trial and rr 
tribulation to any filter operator. 
In cases where air-binding is likely to occur, the provision of a aa a 
rather large depth of water over the sand bed is often helpful. a a 


extreme cases, where filter jolting is required, the added depth of _ ald 


overlying water permits the release of air with minimum disturbance ae 
of the sand surface. It has been observed that where a porous med- ce 
ium filter bottom is used, the absence of the customary 18-inches to oat 


22-inches of graded gravel substantially decreases the tendency for 
air entrainment below the sand bed, particularly under conditions of 
negative head. 
To summarize the foregoing discussion it may be said that, whereas 
the filter unit of the modern rapid sand filtration plant is the nucleus : 
of the plant and that element from which the process derives its 
name, yet during the course of time it has been called upon to do less a: Be 
and less work. The burden of purification, apart from the final = 
clarification and bacterial removal effected by the filters, has been — 
placed increasingly on the pretreatment and auxiliary treatment si 
processes. re 
It is suggested that a promising avenue of development in the © 
future may be in the direction of a more nearly balanced design, — 
wherein the basic functions of the filter would be sufficiently improved _ 
to enable it to assume a greater share of the purification load at less i 
cost than at present; and in some cases the filter, or combination of 
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filters, may in fact constitute the filtration works, with relatively little 
pre-treatment at all. 

In filter design the trend throughout has been towards simplificg. 
tion of both the arrangement of its component parts and the details 
of those parts. Filter design and operation are closely inter-related 
and improvements in the one have resulted, and will continue to 
result, in advances in the efficiency and economy of the other, 
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ORINDA FILTRATION PLANT OF THE EAST BAY MUNICI- ire 
PAL UTILITY DISTRICT, OAKLAND, CALIFORNIA 
By J. D. DreCosta 


(Engineer in Charge of Distribution, East Bay Municipal Utility - - 


District, Oakland, Calif.) 


Much has been written on the subject of filtration, and many of 
the leading plants in the country have been fully described. As a_ 
result, there is comparatively little that is new to present at this 
time. ever, it is that a description of the Orinda plant 


phen engineers of the slight departure conven- 
tional design and operation. a 
baad 
HISTORICAL AND DEVELOPMENT OF THE PROJECT 
The territory served by this District includes the cities of Oakland, 
Berkeley, Richmond, Alameda, Piedmont, San Leandro, El Cerrito, 
Albany and Emeryville, together with a large amount of adjoining ~ 
unincorporated territory in Alameda and Contra Costa Counties, all : 
located on the easterly shore of San Francisco Bay, and having a oy ne 
total population of approximately 500,000. xy 
Before the Orinda plant was thought of, the East Bay cities were 
supplied with filtered water from the San Pablo, Upper San Leandro, 
Chabot and Grant Miller plants. These plants, in turn, are supplied 
from storage reservoirs which impound runoff from local drainage 
areas, and also serve as terminal storage for the Mokelumne System. 
Early in 1923 it was apparent that the local supplies were inade- 
quate to meet the consumption demands of the fast growing East _ 
Bay cities, and as a result a bond issue was authorized by the voters 
of the District to construct the necessary works for an additional _ 
supply. After a careful study of various outside sources of supply the 
Mokelumne River was selected and work on the project was started 
in 1925. 
The Mokelumne Project, which is now the principal source of 
supply for the East Bay cities, was completed and placed in operation 
in 1929. Water from the Mokelumne River is impounded in Pardee 
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Reservoir some ninety miles from the East Bay cities and conveyed 
to the local system through concrete lined tunnels and a steel pipe 
line. Until the Orinda plant was built, the method of operation was 
to divert this water into the local storage reservoirs as required and 
filter it through the existing plants. Water from the Mokelumne 
supply flows into the San Pablo reservoir by gravity but requires 
pumping to the other reservoirs. 

The San Pablo, Upper San Leandro, Chabot and Grant Miller 
plants have a combined nominal capacity of 48 m.g.d. and may be 
operated at 50 percent overload economically, and without deteriora- 
tion in the quality of the effluent. With an average daily consump- 
tion of about 35 m.g. and filter plants capable of producing 72 m.g.d., 
there was obviously no need of additional filtering capacity. A 
careful cost analysis, however, showed that operation of a plant at 
Orinda would not only effect large savings in the cost of operation, 
but make available to consumers the soft water from Pardee Reser- 
voir before it is mixed with local runoff waters which are appreciably 
harder. 

Pardee Reservoir, with the flow line at El. 567, impounds mostly 
snow water from the high Sierras. The watershed is largely granitic 
in character, and while turbidities of 800 p.p.m. have been observed 
in the river, the upper strata of the 63 billion gallon reservoir have 
remained relatively clear. The turbidity has seldom exceeded 15 
p.p.m., and usually it is less than 5. In contrast with this, local 
runoff waters have much higher turbidities and carry enough col- 
loidal clays in suspension to produce a turbid or milky appearance 
the year round. The water from Pardee Reservoir has a total 
hardness of 18 p.p.m. as against an average of 175 for local waters. 
Mixing Mokelumne water with local waters in the storage reservoirs 
improved the chemical quality of the supply but did not reduce the 
cost of treatment. 

Several years of experience in treating Mokelumne water in both 
experimental filters and at the 1 m.g.d. Grant Miller plant which 
handles straight Mokelumne water indicated that this water could 
be effectively clarified without coagulation. The only chemical 
treatment required being chlorination for disinfection, and the 
application of lime for pH adjustment. 

The Orinda plant is located near the town of Orinda, adjacent to 
San Pablo Creek, and at the junction of the Lafayette and Claremont 
Tunnels on the Mokelumne aqueduct. 
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The area within which the present 42 m.g.d. plant is located is 3 2 
large enough to accommodate a complete 105 m.g.d. capacity plant. 5 me 
The plant is laid out to permit the construction of additional filters _ 
as required, and also build the pre-treatment works when necessary. __ 
The coagulation and sedimentation basins may be built in two units, 
each to provide one-half of the ultimate capacity. The remaining 
structures, such as the intake, raw water channel, administration — 


building, chemical house and effluent line were built for an ultimate a oa 
capacity of 105 m.g.d. ouit 
of 


GENERAL DESCRIPTION OF FLOW OF WATER 


Raw water for the Orinda plant is drawn from Pardee Reservoir 3 
through a steel pipe line and concrete lined tunnels of the aqueduct 
aa Through the present aqueduct system the gravity flow 
into the plant is 43 m.g.d. and by pumping the flow may be increased F aa 
to 75. With additional pipe line capacity the flow from the ; : 
Mokelumne project may be increased to 200 m.g.d. a 

W Vhereas, —— the — discharged into San Pablo Creek 


to 125 m.g.d. This was accomplished by building a shaft over the —_- 
Lafayette tunnel near the discharge and stopping off the end of the ~ 
tunnel with a 6 foot sluice gate. With the sluice gate closed the — 
water rises in the shaft and flows into the raw water channel which, — 
in turn, conveys it to the filters. Near the shaft, side outlets were rf 
provided in the raw water channel to discharge into an open spillway — 
that carries the water to San Pablo Creek. The level at which water 
will discharge into the spillway is controlled by stop logs, and this in 
turn establishes the flow line throughout the plant. This arrange- _ 
ment makes the regulation of the inflow to the plant automatic since a - 
any discharge from the aqueduct in excess of the quantity being Le 
filtered goes over the spillway and flows into San Pablo Reservoir. __ 
From the inlet structure the raw water flows through 700 feet of a 
reinforced concrete channel, makes a right angle turn into another bi; 
channel under the administration building where the flow divides into 
two influent channels, one on each side of the pipe gallery. At the 
turn in the raw water channel provisions were made to extend the 
channel to future coagulation basins. Likewise, under the adminis- _ 
tration building provisions were made for an inlet into the influent Be 
channels from future sedimentation basins. : 
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An auxiliary spillway was built at the end of the raw water channel 
with the weir at maximum flow line in the filters. Any discharge 
from this point flows into the waste channel from the filters and thence 
a into San Pablo Creek. Grooves were provided in the raw water 
o channel at 20 foot centers for under and over baffles. When the 
baffles are in place, additional head will be required at the inlet to the 
channel, and during such time, if the plant is shut down and stop 
logs not removed at the main spillway, the water surface in the filters 
would rise and overflow the walls. The auxiliary spillway was pro- 
vided to take care of such an emergency, and incidentally make 
operation of the plant more fool-proof. 

After the water passes through the filters it flows into the effluent 
pipe which is located under the floor of the pipe gallery. This line 
discharges into a control structure with the outlet 14 feet lower than 
the normal flow line in the filters. The outlet in the control structure 
which may be raised or lowered, establishes the head available for 
operating the plant. From the control structure the water drops 
about 15 feet and flows through a 48-inch pipe into the 9 foot diam- 
eter Claremont Tunnel, which serves as a clear well and carries the 
water about three miles to the center of the distribution system. A 
venturi meter to measure the production from the plant was installed 
in the effluent line a short distance upstream from the control strue- 


+ HYDRAULIC DATA 


% With normal operating levels in the plant and a flow of 105 m.g.d. 
the computed velocity in the raw water channel is 2.37 feet per 
second. By introducing under and over baffles this may be in- 
creased to whatever is necessary for best coagulation. In the in- 
fluent channels the velocity is 1.29 feet per second, and through the 
sluice gates into the filters 2.03 feet per second. The washwater tank 
was placed at an elevation to provide a maximum washwater rate of 
43 inches vertical rise per minute. The normal rate of wash is 36 
inches, and at this rate the entrance velocity to the filter collector 
pipes is 14.05 feet per second, while the entrance velocity to the 
laterals is 6.50 feet per second. Experience in operation of the plant 
has shown that the entrance velocity in the filter collector pipes 
is too high for proper distribution of the washwater. At a 36-inch 
wash, the recovery of velocity head toward the end of the collector 
pipe increases the pressure head 2.2 feet over that at the inlet. This 
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difference in head affects the distribution of the washwater to a notice- 
able extent, as is apparent by the far end of the filters being washed 
more rapidly. However, because of the installation of baffles in the 
bottom of the filter which prevent the lateral travel of water through 
the gravel bed, it is not expected that any serious consequences will 
result. Several corrective measures have been evolved by careful 
study to introduce friction head in the collector pipe in order to 
decrease the irregularity in flow. Any of which may be installed at 
a very small cost, should operating conditions warrant it. 


al: 


After a careful analysis of the hydraulics of the filter isnaseneliais 
system, it has been concluded that for this particular setup the 
entrance velocity to both the collector pipe and laterals should not 
exceed 10 feet per second. 


ADMINISTRATION AND FILTER BUILDINGS 


The administration and filter buildings are essentially one unit 
The filter building is located over the pipe gallery and the —— 
tration building is at the northerly end of the filter building. Figure 
1 shows a view of the administration and filter buildings. In the — ~ 
east wing of the administration — is located the work shop, _ ei 
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men’s lavatory and operator’s room. The west wing contains the 
ssuperintendent’s office, laboratory and women’s lavatory. The main 
entrance to the building is on center line with the main axis of the 
filter building and leads into a lobby with a full opening into the 
operating floor of the filter building. Both floors are surfaced with 
red quarry tile, while the interior walls are finished with stuceo 
plaster of cream color. This combination, with black enameled 
operating tables and switchboard panels, presents a very pleasing 
effect. The switchboard panel with water level indicators and ven- 
turi meter registers, is located on the east wall of the lobby. After 
the ultimate development of the plant, the administration building 
will be almost centrally located between the pre-treatment works 
and the filters and chemical building. — 


: PIPE GALLERY, INFLUENT AND DRAIN CHANNELS 


_ The pipe gallery is located under the filter building between the 
two rows of filters. The gallery and channels were designed and built 
as a unit with construction joints at 48 feet intervals. The channels 
lie between the gallery and filter walls with the influent directly above 
the waste channel. Eight inch valved bypasses were provided be- 
tween the drain and influent channels to facilitate draining and clean- 
ing the latter. 

The effluent line consists of welded steel pipe varying in diameter 
fom 36 to 48 inches. It is located under the pipe gallery floor on 
center line with the filter and chemical building. The pipe-is encased 
in reinforced concrete and protected on the inside by a reinforced 
gunite coating ? inch thick. 

With the washwater line suspended from the operating floor, the 
effluent pipe under the floor and the valves, filter outlets, rate con- 
trollers, etc., next to the walls, there is a clear space the full length 
of the gallery about 8 feet high and 8 wide. This clearance makes 
every fitting and gate valve accessible and easy to remove. The 
gallery floor is crowned, draining into gutters along the side walls. 
Both gutters empty into a sump from which the water is pumped 
into the waste channel by an automatically controlled pump unit. 
The pipe gallery is 15 feet wide and 27 feet high. 

Ample light and ventilation were provided by openings in the floor 
of the filter building 5 x 22 feet, spaced at 48 feet centers. These 
openings are protected by aluminum pipe railing Also the walls and 
roof of the gallery were brush coated with a mortar of white cement 
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, ane The chemical building was built for the ultimate capacity of the ; 


the upper story there are four storage bins with a total capacity of — 
ar 8312 cubic feet. Present plans are to store quicklime in two of the 
bins and alum in the other two. The bottom of each bin terminates — 


‘instances due to corrosion. 


plant. It is a two-story reinforced concrete structure located be- _ 
tween the filters and Claremont Tunnel, directly over the effluent 
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and white sand that added materially to the reflection of light. Ac- a i" on 
cess is had to the pipe gallery from the operating floor of the filter — 4% 
building by means of concrete stairways spaced at 96 foot centers. © 
One of the features of the pipe gallery is the use of copper tubing 
with streamline fittings for all pipe sizes 2 inches in diameter and “7 
smaller. Copper tubing was also used throughout the buildings in Ls 
general in place of the usual galvanized iron pipe. This practice was 
followed because of the corrosive character of the water and the 


troubles experienced at the other plants, such as clogging of small lines Fs . i 


Fic. 2. Front View or CHEeMIcAL BUILDING 


and strainers and the actual failure of the galvanized pipe in some _ 


oT 


Figure 2 shows the front view of the Chemical Building. In 


the 
‘he 
he 
ith 
CO 
er 
ne 
| 


J. D. DECOSTA 


in a single hopper under which is installed a dry feed machine. The 
chemicals are conveyed to each bin by a blower type conveyor 
system with the receiving hopper in the east wing of the building, 
Trucks hauling the chemicals, back into the building and dump the 
material directly into the receiving hopper. Also, in the east wing 
there is an hydraulic elevator of 2-ton capacity which may be used to 
handle the chemicals in an emergency. The west wing of the building 
houses the 1-ton chlorine containers and chlorine feed equipment, 

All equipment for feeding alum and lime is located on the first 
floor directly under the chemical storage hoppers. The alum is fed 
by a dry feed machine and is dissolved in a lead-lined pot, and con- 
veyed to the raw water channel in a 4-inch lead-lined iron pipe. 
Both the milk of lime and chlorine solution are introduced into the 
effluent line through pipe wells that extend to the floor of the chemical 
building. The quicklime is fed through a screw feed machine into a 
continuous slacker, and then through a settling cone before it is 
applied to the filtered water. The dry feed equipment and lime 
slacker were designed by the District and built in the District’s 


__[In the general layout of the plant space was provided between the 
administration and chemical buildings for 20 filter units. Eight of 
these have been built and are in operation. Other filter units will be 
constructed at a later date, as required. The filter units were de- 
signed and built as monoliths. Each unit has a sand area of 1225 
square feet, divided into two equal areas by a center channel which 
serves both as influent and drain for the two halves of the filter unit. 
Reinforced concrete washwater troughs running at right angles to the 
center channel were cast monolithically with the filter walls. These 
were designed to carry washwater equivalent to a 45-inch rise per 
minute. To accommodate the higher rates of wash the weir of the 
troughs was set 35 inches above the top of the sand. 

Each filter unit has a capacity of 3.5 m.g.d. based on the con- 
ventional rate of 125 m.g. per acre per day. But because of the 
excellent character of raw water they were arbitrarily rated at 5.25 
m.g.d. and the size of valves, pipes, rate controllers, etc., designed 
accordingly. 

The under drain system of the filters is of the perforated pipe 
manifold type, with the manifold located under the central axis of the 
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sand bed in each half of the filter. The manifolds are of cast iron 
90 inches in diameter, and the laterals of red brass seamless tubing _ a is 
3 inches in diameter. The total area of the holes in the strainer ee 

37.5 percent of cross-sectional area of the lateral, 81 percent = 


system Is 
of the area of the manifold, and 0.29 percent of the area of the sand A 


bed. The size and spacing of the holes in the laterals was arrived at 


Leg 


7 
3. Borrom or Fitter with First LAYER OF GRAVEL 


after exhaustive flow tests through an experimental lateral. The | eu 


laterals are set 3 inch above the floor at 7.5 inch centers. The 


holes in the laterals are 2 inch in diameter, and are spaced at 5.06 


centers. 
Perhaps the outstanding feature of the filters is an arrangement = 
of redwood baffies that extend from the floor of the filter to the bottom 7 in 
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of the sand bed. These baffes run in both directions, forming what 
might be called “egg crates,” into which is placed the various layers 
of gravel and coarse sand. The purpose of these “egg crates” ig to 
prevent lateral flow of washwater through the coarse gravel that 
usually results in disruption of the gravel beds. Their use is not new 
with the District. They were first installed in the Upper San 
Leandro filters in February 1932. At that time the Upper San 
Leandro filters had been in service five years. The under drain 
system had been carefully designed, and wash water rates had not 
exceeded a 26-inch vertical rise. Nevertheless, the gravel beds were 
badly disrupted, the wash was uneven, and there were numerous 


Fic. 4. Fitter, Saowinc Wash Water Trovcus 


“dead” spots in the filter. From observation, it appeared that 90 
percent of the washwater flowed through less than half of the sand 
area. This, of course, resulted in a poorly washed sandbed, with the 
usual troubles that follow. 

All of the sand and gravel was removed from each filter unit, 
graded and put back in place after the “egg crates” had been installed. 
In the fall of 1935, after the filters had been in service with the “egg 
crates” for a period of about 34 years, there was no external evidence 
of trouble of any kind, but to make sure, the filter sand was carefully 
removed from one of the units to permit inspection of the gravel. 
The gravel bed was found perfectly level and in the same position 
as the day it was placed. Egg crates have also been installed in the 
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San Pablo and Grant Miller plants. In all cases the baffles extend — os 


ets from the floor of‘ the filter to the bottom of the filter sand, which for 
to the various plants, ranges from 18 to 22 inches. The size of each 
hat cell has been arbitrarily made 6 to 10 square feet to fit the partic me 
ew filter unit. It is possible that larger cells will work equally well, but 

‘an experience so far indicates that one of smaller size is not required. ce 
an The important thing is to space the baffles in both directions so 
iin that the cells are of equal area and enclose the same number of pipe a 
‘ot perforations. Then, if the distribution of the washwater in the Yh 
Te under drain system is perfect, the velocity of water leaving the eee pat 
us ; aa crates will -be uniform because the water is confined to definite 


channels and can not flow laterally in the coarse gravel. And if the © 
istribution of the washwater is not perfect, which is the general rule, 
the egg crates will confine the water to definite areas and velocities, _ 
which up to certain limits, prevent the disruption and overturning | 
of the gravel beds. 

At the Orinda plant the egg crates are installed as shown in figure 3. 
Figures 3 and 4 show views of the egg crates with the various layers 
; of gravel in place. The gravel ranges in size from 7g to lj inches. It 
was placed in the bed as follows: ; 


sto 


Coarse sand vs to 


On top of the roofing gravel was placed 4 inches of coarse sand, ys 
making the totai depth 22 inches. The filter sand has an effective 
size of 0.54 mm. and a uniformity coefficient of 1.58 (Hazen method). 
The sand bed has a depth of 30 inches. 


The washwater tank is located on a hillside near the filter plant. * 
The bottom is at El]. 410, and flow line at El. 431.50. The tank is © 
built of reinforced concrete and has a capacity of 200,000 gallons. — 
The elevation at which the water surface is kept in the tank by auto-— 
matically controlled pump units depends on the rate of wash that is 
required. With the tank full the computed rate of wash is 43 inches _ 
vertical rise. For a 36-inch wash the tank is kept a little less than — are . 
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Nominal capacity of filter beds, m.g.d........... 
Number of filter units 
Rate of filtration, m.g. per acre per day......... 
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Pertinent data relating to the plant in general 


Number of filter units in ultimate development 


Capacity of each filter unit, m.g.d............... 
Depth of filter sand, inches..................... 
Depth of filter gravel, inches.......... hr 


Effective size of filter sand (Hazen’s method), 
Uniformity coefficient of filter sand (Hazen’ s method) .. Lhe. 


Distance between weirs of oa inches....... 


Distance from top of filter sand to trough weir, inches............ 
Clearance between bottom of trough and sand, inches............. 
Velocity of flow at 105 m.g.d. (ultimate capacity of plant): 


Raw water channel, feet per second......... 
Influent channels, feet per second........... 


Influent sluice gates, feet per second....... 


Velocity of flow in filter underdrains at 36 inch wash: 


a! Entrance to collector pipe, feet per second. . 
rs Entrance to laterals, feet per second........ 
ull Pipe perforations, feet per second........... 
Ratio of area of perforations to area of lateral. . 
Ratio of area of perforations to area of manifold 


Ratio of area of laterals to area of manifold 


Ratio of area of total perforations to sand area. 
Total head available for operating filters, in feet 


Elevations—U.S.G. 8S. 


Flow line effluent control structure. 
Floor of filters 
Weir of washwater trough 
Top of filters (walkways) 
Floor of pipe gallery 
Floor of waste channel. . 
Floor of influent channel ' 
Floor of filter building (operating deck) 
Center line of effluent pipe 

Center line of rate controllers 


Center line of washwater pumps................ 


Center line of washwater pipe 
Floor of washwater tank 
Flow line of washwater tank 


42 
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half full and also the outlet valve is partly closed. Two washwater : 
pumps each of 1400 g.p.m. capacity are located in the pipe gallery Pe = 


and take suction from the effluent line. inal 


The plant was designed and constructed entirely by the organiza- 
tion of the East Bay Municipal Utility District. Construction was 7 
started July 1, 1934, and although some of the structures had not 
been completed, the filters were placed in operation May 28, 1935. 


Fig. 5. GENERAL VIEW OF ORINDA FILTER PLANT 


Considerable thought was given to the design and general plant 3 
layout to permit extensions and additions with a minimum amount — 
of interruption to operation. Figure 5 shows a general view of the © 
completed 42 m.g.d. plant. The filters were designed as independent _ 
units. Temporary bulkheads were provided in all of the channels so at 
that each channel may be extended without dewatering the plant. _ 
On the future extension of the pipe gallery and channels and the > 
construction of additional filters, the only plant shutdown required 
will be to make necessary connections to the washwater and effluent —__ 
lines, and to remove the temporary bulkheads from the channels. 
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Following are some basic design data: | ed 

; Maximum stress in reinforcing steel, pounds per squareinch 18,000 3 — 
Maximum compressive stress in concrete, pounds per square bax 
Weight of concrete, pounds per cubic foot................. 150 

D Weight of water, pounds per cubic foot................... 62.5 
Maximum bearing on foundations, tons per square foot.... 
Weight of earthfill, pounds per cubic foot................. 100 
i 


All structures were designed for earthquake resistance on the basis 
of an acceleration equal to 1/10 of gravity. All underground strue- 
tures containing water were designed to withstand full hydrostatic 
pressure on either side of the wall. 


ITEM TOTAL COST 
dollars 
Excavation—55,900 cubic 19 676.35 
Reinforced concrete—5,607 cubic yards........................ 170 ,428 .04 
114,888.12 
19,769.75 
Buildings: Tile roofs, doors, windows, interior decorations, tile 
Field Engineering and 11 ,686 .18 


All of the excavation was done with a 1}j-yard capacity dragline. 
The hauling was handled by 4-yard capacity dump trucks, and the 
final grading with a Caterpillar tractor with bulldozer attachment. 

A central concrete mixing plant was erected with overhead material 
bins which discharged into a weigh batcher. The weigh batcher 
traveled on an overhead trolley under each hopper to receive the 
various size aggregate, and then discharged into the motor driven 
concrete mixer by gravity. The aggregates were hauled in dump 
trucks to the top of the storage bins over an inclined runway. The 
cement was handled in sacks and was also delivered to the plant by 
trucks. Water was supplied to the mixer through a small water meter 
Pe equipped with a large indicating dial. 
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The concrete plant with a capacity of about 200 cubie yards per — we 
day was operated by three men. Small trucks with especially : 
designed dump bodies hauled the concrete from the central plant to 
the various structures placed it in the forms by 


all of the structures excepting the of the chemical 
building, for which it was necessary to build an elevator. Allof the 
concrete was carefully vibrated into place with either an electric or aN 

Table 2 gives the actual physical quantities and construction costs: aa P 

A total of 1,248,516 pounds of reinforcing steel was used, which an = 
averages about 223 pounds of steel per cubic yard of concrete, and the — 
28-day compressive strength of the concrete averaged 3500 pounds — 
per square inch. a 

Based on nominal filtering rates, the plant as constructed has a 
capacity of 28 m.g.d., which makes the cost of construction :14,100.00_ :” 


per m.g. While on the designed capacity of 42 m.g.d., the cost of i 4 
construction per m.g. is $9400.00. 
ANALYSIS OF OPERATING COSTS | 


As stated previously, construction of the Orinda plant was decided 


upon only after a careful analysis of estimated operating costs. This — 3? 
analysis indicated that a saving in annual operating costs could be ‘ ra 
effected, sufficient to pay for the cost of the plant in about 10 years. — 7 
In view of this showing and the improvement in the quality of Se 


supply to be obtained, the Board of Directors authorized the ex- 
penditure. 
In the cost analysis a comparison was made of operating the Orinda ~ = a 
plant as against the San Pablo filter plant and El Cerrito pumping © a 
plant. This was done because the cost of filtering at the San Pablo 
plant, together with the cost of pumping at the El] Cerrito pumping ~ Ds ie 
plant was less than the cost of pumping Mokelumne water into Upper ere 
San Leandro reservoir and filtering it at the Upper San Leandro ~ 
plant. Mokelumne water flows into San Pablo reservoir by gravity; __ 
whereas, it has to be pumped into the Upper San Leandro reservoir — 


against a 296 foot head. i 
Following is a summary of a cost analysis prepared in June, 1933: 
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or 


is at El. 230, and in order to get the required production from the 
_ plant it was necessary to pump a large portion of the filtered water to 


a distribution zone at El. 345. During the fiscal year 1931-32 the 


production from San Pablo was 31.23 m.g.d., 22.90 of which was 
pumped to the higher zone. The operating costs at the filter and 
pumping plants are shown in table 3. 

The average cost of filtering and pumping during that year was 
$9.12 per million gallons. It was estimated that a plant at Orinda 
would filter water at a cost of $2.45 per million gallons on account of 
coagulation not being required. The saving in the cost of chemicals, 
plus the saving in the cost of pumping from the San Pablo plant, 
together with other savings that would result from operating a plant 


(In dollars per million gallons) 


San Pablo Filter Plant 


yee El Cerrito Pumping Plant 


at Orinda, was estimated to be $72,300 per year. The cost of build- 
ing the new plant was estimated at $15,000. per m.g., or $420,000. 
Interest at 5 percent and depreciation at 2 percent annually, would 
amount to $29,400., leaving a net saving of $42,900., which would 
"pay the initial cost of a new plant in about ten years. 
The actual cost of construction was $394,721.61. while the annual 
- savings in the cost of operation, based on the first nine months of the 
‘present fiscal year, will amount to about $80,000. On the basis of 
these figures the new plant will pay for itself in less than eight years, 
which is even better than estimated. 

Operating costs at the Orinda plant for the first nine months of the 
as follows: 


ry 
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OPERATION 


In order to place the filters in operation as soon as possible, the 
construction program was planned to complete the filters and appur- 
tenant structures first. A temporary chemical building was built 
over the raw water channel to house the lime and chlorine feed a a 
equipment, and the plant was placed in operation May 28, 1935. 
There was no tuning up period required. On the first day of opera- = 
tion the plant delivered 21 m.g.d.; 28 on the second day, and there- wee: 
after between 30 and 40 m.g.d. as required. 

The plant has been in continuous service since the day it was 
started with no operating troubles of any kind. On peak daysthe 
plant has handled the full gravity supply from the 


higher filtering rates could be handled witheid any deterioration 
the quality of the effluent. 

Turbidity of the raw water has run from 1 to 7 p.p.m. and consists | 
mostly of finely divided organic matter, dead and live plankton, and © 
a small amount of iron. The iron content of the raw water has 
ranged from 0.09 to 0.18 p.p.m. This small quantity of ironis largely : 
responsible for the excellent clarification that is obtained without the ea 
addition of a coagulant. Mokelumne water is aerated near Walnut | 
Creek, about eight miles upstream from the plant, and as a result a 
perfect iron floc forms in the filters which aids in the removal of the 
finely suspended matter. When the filters are washed, the amount Ps 
of iron floc removed with the washwater appears to be out of propor- | 
tion to the small quantity of iron present in the raw water, and a 
many of the engineers who have visited the plant were of the opinion a oy 
that an iron coagulant was being applied. 

The turbidity of the filtered water has ranged from 0.1 to 0.3 p.p.m. ae 3 


The higher value was obtained when the turbidity of the raw water _ 
was 7 p.p.m., and it is estimated that about 10 p.p.m. is probably the _ f 
highest turbidity that can be handled without the addition of a — a 
coagulant. Normally, the raw water turbidity is 1 to 3 ppm. _ 
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The mineral content of the Mokelumne supply is quite low, and the 
pH ranges from 6.7 to 7.1. 

Table 4 gives the mineral analysis of the Mokelumne, as well as 
the other sources of supply. 

An average of 0.25 g.p.g. of lime is added to the filtered water at 
Orinda, which raises the pH to about 8.9 and the hardness to 24 
p.p.m. The iron content of the filtered water runs 0.02 to 0.04 
p.p.m. 

The filter runs vary with the plankton load. Recently, a heavy 
growth of diatoms decreased the runs to 5 hours, but ordinarily the 


(Results are expressed in parts per million) 


SAN PABLO CHABOT 
(Na). 2). 22s. 3.2 21.6 18.6 22.3 
Magnesium (Mg).................... 0.9 10.8 4.8 14.8 
1.5 39.5 | 24.1 39.6 
Alkalinity (CaCO;).................. 18.0 | 110.0 | 58.0 | 130.0 
0.1 Trace | Trace | Trace 
Manganese 0 | O 0 
Aluminum Oxide (Al,O3)............. 0.5 40 |} 1.1 0.9 
Total dissolved solids................ 44 200 114 240 
Non-carbonate hardness. ............ 0 15 0 21 
18 125 53 151 


runs are 50 to 110 hours. The filters are washed on a loss of head 
of 8 to 10 feet. There is no apparent difference in the quality of 
the effluent from a clean or dirty filter. 

The plant is operated with a crew consisting of a plant superin- 
tendent and five operators. This provides one operator on each 
8-hour shift with two relief operators. Each operator works 40 hours 
per week. Shifts are changed every two months in order to give 
all of the men an opportunity to work on the day shift under the 
immediate supervision of the plant superintendent. The operators 
not only handle the operation of the plant but do all the necessary 
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maintenance and cleanup work. Pumping plant operators who look .; i iP 


after the operation of several small automatically operated stations 


in the vicinity make their headquarters at the filter plant, and are 


available part of the time to do work as required in and about the — a 
plant. Under this arrangement, even though there is only one os “ile 
man per shift charged to filter operation, at least part of the time ie te 
there are two men on duty. e, 
Operation statistics for the first nine months of the present fiscal _ 
year are shown below: a 
Total m.g. delivered to 8 ,904 .340 
Average m.g.d. delivered to system...................... 32.379 a ee 
Average chlorine dose, 0.21 


Mention has been made of plans for future coagulation and sedi- & ; 
mentation basins. An explanation of the necessity for these is 


perhaps in order in view of the fact that the plant is at present pro- = 
ducing excellent water without pre-treatment. There is no assur- 


> 


ance, however, that water from Pardee Reservoir will always be low x 


enough in turbidity to permit clarification without pre-treatment. — 


In fact, it is not expected. If the turbidity in Mokelumne water eu 


becomes objectionable, the Orinda plant can be shut down and the 


load will be taken up by the other plants. This condition will hold oe % 


true only until the daily consumption exceeds the capacity of the 
other plants, which is about twice the average daily consumption at 


the present time. When consumption demands require the Orinda BS 


plant to be in continuous operation, then of course it will be necessary 


to provide pre-treatment works in order for the plant to handle any 7 Se 


character of water that is available. 

In the meantime, should the turbidity increase to objectionable 
limits, an attempt will be made to coagulate whatever amount of 
water can be handled in the raw water channel, using over and under 


baffles for mixing, and place the entire load on the filters. riff easier a 


hingry and 


CONCLUSIONS 


The Orinda filter plant contains engineering features which should 


be of interest to all those engaged in the design, construction and 
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operation of works of this type. Certain features, such as filtration 

_ rates 50 percent higher than the conventional 125 m.g. per acre per 

day and rapid sand filtration without coagulation and sedimentation, 
S c are not advocated for general use. The Orinda plant was designed 
7 *] to treat a specific water, and operating results thus far fully justify 
_ the departure from existing methods. 

_ Other features, such as the installation of egg crates in the filters 

_ have a general application. From experience with local plants, it is 

believed that in any filter with reasonably good distribution of wagh- 

_ water, the overturning or disruption of the gravel bed can be pre- 
- vented by the proper installation of egg crates. 

Other points of interest are: The general plan to permit future 
extensions with the least interference with operation, the use of 
i". ~ copper tubing with streamline couplings in the pipe gallery and 
, a throughout the buildings in general in place of the usual galvanized 
iron pipe and the inside protection of steel pipe with a reinforced 
gunite coating. 

_ The entire work was conducted under the general supervision of 
J. S. Longwell, Chief Engineer and General Manager for the East 
Bay Municipal Utility District. 
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MAINTENANCE OF FILTER PLANT EQUIPMENT 


By Joun L. PERHAB 
(Superintendent of Water Purification, Beverly Hills, Calif.) 


The proper maintenance of filter plant equipment is of the utr 
importance if you are to expect efficient and economical results from 
the operation of your plant. The failure of one piece of equipment =— 
may disrupt the efficiency in operation of the entire plant. ane a 

In most of the larger plants certain pieces of equipment, such a 
chemical feeders, chlorinators, etc., are installed in duplicate to be 
used in cases of emergency, or salle making repairs, but. they only — Be 
make up a small portion of the equipment used in the average plant, 
and are far from the most difficult and expensive to repair during - 
periods of plant operation. It is almost always necessary to take __ 
‘part of the plant out of service during the time of such repairs, and 

often this necessitates the wasting of considerable water. 4 

I have found it advisable to give all of the equipment a careful and 
regular inspection throughout the period of operation of the plants, 
and to completely overhaul all equipment once a year, replacing all 

yorn, broken, or defective parts. This work is always done during 
_ the winter or slack season when it is possible to shut the plants dow aan 
several days at a time. 

The equipment required in the average softening and filtration — ae 

plant, such as either of the Beverly Hills plants, consists of lime, alum, ‘ 
ferric chloride, and carbon feed machines, chlorinators, ammoniators, £4 

carbon dioxide generators, and compressors, motor driven mixing _ 
machinery, clarifiers, pumps, Venturi type meters, and rapid sand _ 
filters which include hydraulically operated valves, control tables, — 
rate of flow controllers, rate of flow and loss of head gauges, and rotary _ 
type air blowers. | 

The two most important duties in the maintenance of all plant 
equipment, piping, tanks, etc. is to keep them painted and clean to 
prevent corrosion, give them a neat appearance, and to permit easier 
detection of worn or defective parts, and to keep all machinery and — 

moving parts well lubricated, properly protected, and adjusted to Pi 
‘Pirent undue damage and wear. 
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JOHN L. PERHAB i 

ELECTRICAL EQUIPMENT 

As practically all of the machines and pumps in a modern plant 
are electrically driven a large portion of your operating troubles can 
be prevented by the proper care of the electrical system. This can be 
done by the average plant operator if you do not have a regular electri. 
cianemployed. It should include the following:—keep all switches, 
starters, wiring, and motors free of grease, dirt and water, all connee- 
tions and fuses tight, all switch and starter contacts free from corro- 
sion and pits, and properly adjusted. 
a aS It is very important that all motors be properly fused with the 
a, correct size and type of fuses, and that you always have on hand an 
extra supply of fuses or fuse repair links. It is advisable to keep 
your extra fuses or repair links in the switch boxes where they will be 
used to prevent a loss in time when you find it necessary to make a 
change, and to prevent any possible mistake in installing the wrong 
size. 
- [ have found it good practice, and more economical, to use all re- 
newable link type fuses, and to keep a neon tube fuse tester in an 
accessible place in each plant. It is then a quick, safe, and simple 
matter to determine which fuse is burned out, and only a few minutes’ 
time is required to make the necessary repair and have the motor 


back into service. 


The electric motors used on the various types of pumps and equip- 
ment require very little, but never the less proper service and care. 
‘Motors running under a continuous load, which is the case on practi- 
eally all plant equipment, should be kept clean to permit a free circu- 
lation of air for cooling, and be protected from the weather if located 
outside of the building in unprotected places; the bearings and oil 
evels should be checked at frequent intervals, and the oil changed— 
(using a good grade of motor oil of the proper viscosity)—once every 
six months. When changing oil it is advisable to wash out the bear- 
ing thoroughly with kerosene or mineral spirits making certain that 
all of the cleansing liquid is removed before e.dding the new oil as it 
has a tendency to cut the oil, thereby causing poor and improper 
lubrication. 
In the case of ball bearing motors using grease instead of oil, it is 
not necessary to change them oftener than once a year, or as recom- 


mended by the manufacturer, using a good grade of ball bearin 


Png 
f 7 
2 
2 
ies 
§ 
‘ 


VOL..28, NO. 10] MAINTENANCE OF FILTER PLANT EQUIPMENT 1573 


grease, and being careful not to pack the bearings too tight as they e 
will have a tendency to heat on a continuous load. Bas 
On single phase and slip ring motors the brushes and armatures — _ 


should be carefully watched, and the brushes changed as soon as they i i: 


show signs of excessive wear. viizotion 


Most of the chemical feed machines today are so constructed that 
practically all moving parts are well protected from the chemicals 
being used, and from outside dust and grit. They require very little 
care other than daily checks and lubrication, being particularly care-— * 
ful to see that all bearings are taking the oil or grease properly, as the po 2 
chemicals will occasionally work in between the bearings and shafts  __ 
if they are loose, stopping the lubricant and causing the bearing to 
stick or burn out. yi 

All gears, belts and chains should be kept in proper alignment and — , sah 
adjustment to eliminate noise and to prevent excessive wear. 


OLARIFIERS AND MIXING MACHINES 


The mixing machinery and clarifiers require probably less care than 
any other equipment in the plant in comparison with the actualhours 
they are operated. The gears, bearings and clutches where they are 7-3 e 
used on the mixing machines must be kept in proper adjustment and 
alignment and the reduction gear boxes should be drained, flushed __ 
and refilled with new oiloncea year. On the clarifiers the drive belts 
and cables where they are used should always be kept in proper ten- 
sion, the cables should be oiled occasionally, the reduction gear 
boxes drained and refilled once a year and the squeegees should be a 
examined each time the basins are drained to see that they arein 
proper adjustment and do not drag at any time. ert tuo 


CHLORINATORS AND AMMONIATORS : 


_ The greater portion of the troubles on chlorine and ammonia 


equipment is caused by the corrosive action of the chemicals, par- 


ticularly chlorine, escaping through loose or faulty connections. As re a 


affect them both to a certain extent. 
all connections from the cylinders to the machines and on the ma- 
chines are tight at all times. When making any changes or connec- _ 
tions be sure that the threads are all clean, and using all new gaskets _ 
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aaa discarding the old ones even though they appear to be in good condi. 
tion. When it is necessary to cleanse any of the parts, pipes, or tubes, 
particularly on the chlorinators, use carbon tetrachloride as a cleans. 
ing solution. Do not under any circumstances use water as chlorine 
becomes very corrosive in the presence of moisture. The valves and 
_ packing nuts should be kept tight and properly packed with prefer. 
ably a soft graphite packing. 
It is advisable to keep all unpainted metal parts covered with g 
_ thin coat of grease or vaseline which should be occasionally washed 
off and replaced as it soon collects dirt and becomes unsightly. 
_ _Extreme care must be used when cleaning the glass parts, such as 
Geen - the bell jars, orifice meters, and manometers, and when disassembling 
a pe any parts of the machines to prevent breakage, as they are quite 

expensive to replace. 


The carbon dioxide generator, although not a part of regular filter 
x plant equipment, is never the less an important part of softening 
_ plant equipment. It consists of an air tight fire box, a cylindrical 
_ steel or cast iron scrubbing and cooling tank generally filled with 
coke which is continuously sprayed with water during its operation, 
a motor driven compressor, a dryer, an automatic water trap, a gas 
meter, distribution grids which consist of either a system of perfo- 
rated pipe or porous tubes, and an Orsat unless an automatic record- 
ing CO, meter is used. 
= ba) in Each time that the machine is shut down and allowed to cool off, 
a the fire box should be inspected for outside cracks, and the inside to 
gee that the fire brick is all in place as there is considerable move- 
ment due to contraction while cooling. This permits the fire clay 
to drop out from between the brick at times causing some or all of 
the brick to dislodge from its proper place. This particular trouble 
ean be eliminated by laying all of the brick on the flat side without 
| the use of any cement or clay. The scrubber should be opened after 
each year’s operation for inspection and cleaning. See that all of 
the sprays are clean and working properly. Thoroughly wash the 
coke giving it a caustic bath if necessary and replace any of the coke 
that has been washed away or lost. After this operation be sure that 
the water pan on the bottom is clean and free from sediment to 


prevent any possible chance of warping or burning the bottom plate 
_ when it is again put back into service. 


The compressor bearings and all moving parts should be carefully 
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several times a year, particularly if they ' are made of iron pipe. This : u gt 
is the case in most plants, as the CO: being very corrosive causes 4 ~~ 
excessive rusting, pitting and clogging of the small perforations in 

the pipes which will in turn cause poor distribution of the gas. 


VENTURI METER. LOSS OF HEAD AND RATE OF FLOW RECORDERS 


struction, require approximately the same type of service and care. 
All moving parts should be kept free and well lubricated witha | 
light oil, preferably a clock oil, to prevent any possibility of binding or er . 
drag, as the instruments are very sensitive and will tend to lag giving i 
incorrect registration. When it becomes necessary to repack the — 
stuffing boxes use only the type of packing recommended by the man- __ _ 
ufacturer, and do not tighten with a wrench. Use your fingers only, __ } 
making certain that the shaft does not bind. ae 
Except for occasional oiling do not tamper with the clocks, when 
they give trouble. Either return them to the manufacturer or take 
them to a reliable watch-maker. When replacing the cables use 
either those furnished by the manufacturer of the instrument ora 
flexible bronze all metal cable. Never use any type of cable thathas 
any fabric or cord woven into it as they have a tendency either to — 
shrink or stretch according to climatic conditions, which quite seri- 
ously affects the accuracy of the instruments, particularly when long sy 
cables are used. aoe 
The pipes and tubing from the Venturi tubes to the mercury cham- 
bers should be cleaned occasionally (that time being governed by 
the type of water being metered), to remove any sand or corrosion 
which might tend to restrict the free flow of water. This is very 
easily accomplished by attaching a high pressure water hose to the ae 
connections at the mercury chamber, washing any sand or loose — 
particles back through the Venturi tube. This procedure will also 
clean out the pitometer ring in the Venturi tube. F 


and 
RATE OF FLOW CONTROLLERS 


The rate of flow controllers have very few parts to get out of order . 
and they will operate for long periods of time with very little trouble. — 
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4 The diaphragms and hydraulic valves should be checked occasionally, 
- particularly when the controller does not maintain a constant rate of 
_ flow. First check all moving parts to see that they are free and prop. 


= cocks on both sides of the diaphragm. ‘To check for a faulty dig. 
phragm close the rate controller valve, and open the effluent Valve, 
_ then close one water line to the diaphragm which puts the pressure 
—onone side only. Open the petcock on the opposite side and if there 
7 is a free flow from the petcock it is a positive indication that the dig- 
; a phragm is defective. It should be replaced with a new one as they 
cannot be successfully repaired. 
_ The only other source of trouble would be the cup leathers and 
_ packing in the hydraulic valve on the controller. With normal care 
they will last for several years before it should become necessary to 


either of them lio yidersterq lio 


i Very little maintenance is required on the average pump other 
than the proper alignment of direct connected units, the replacement 
of badly worn or defective parts, occasional repacking, and proper 
lubrication. 

j It may appear to some of ae who are interested that it is a waste 
of time and money to overhaul equipment which from outside 
appearances is apparently in good condition, but I have found 
through experience that it pays well in the long run. 
The two treatment plants, No. 1 having a capacity of 74 m.g.d. 
and No. 2 a capacity of 3 m.g.d., mentioned in this article are a part 
of the City of Beverly Hills Municipal Water Department, which is 
under the management of Mr. Arthur Taylor of Taylor & Taylor, 

Consulting Engineers, with the writer as Superintendent of the 
plants, and Mr. Clyde Kimball as Field Superintendent. 
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«TRON REMOVAL WITHOUT AERATION—THE 


Sew PRECIPITATION OF FERROUS CARBONATE 


(Director of Laboratories, Department of Water Supply, Gas and 
Electricity, New York, N. Y.) 


In 1930 preliminary work was finished on two new Layne wells at 
Flushing Pumping Station to increase the supply to the Borough of 
Queens. These wells were over 400-foot depth, capacity 2.5 m.g.d. 
each. The water was very soft, but proved to contain 3 to 5 p.p.m. 
iron. The contract called for pumps capable of delivering water 
directly from the wells to the mains under an average of 60 pounds 
pressure. It was undesirable to change the contract, hence instruc- 
tions were issued to the Laboratory Division to devise a method of 
removal of the iron with single pumpage in a closed system. 

The first sample as received at the Laboratory from well No. 1 
contained 4.2 p.p.m. dissolved oxygen, 30.0 p.p.m. free COs, and the 
pH was 5.65. Various alkalies, soda ash, caustic soda, and lime hy- 
drate, were tried to neutralize the free carbonic acid and precipitate 
the iron, also several dosages of aluminum sulphate (filter alum) to 
see whether this would assist removal of the iron during filtration. 
In each experiment 200 cc. portions of water were taken, reagents 
added, shaken vigorously, allowed to stand 20 minutes and filtered. 
The color of the filtrate was measured, iron determined, and amount 

of stain on the filter paper noted, if any. Again after standing over- 
_ night the remainder of the water was filtered after noting condition of 
floc, if any, and the color of the filtrate again determined and amount 


a of stain on the filters noted. The amount of alkali used was just 


sufficient to neutralize the free CO, to form bicarbonate and leave a 
_ very slight amount of neutral or normal carbonate, as determined by 
a slight pink color when tested with phenolphthalein. The test with 


A CLOSED SYSTEM 


: ies caustic soda was made after the sample was a day old and the free 
had reduced on standing to 9.7 p.p.m. The results are shown in 
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COLOR OF 
FILTRATE, 
P.P.M 


Red solution 


IRON COLOR 
UNFILTERED 
Red precip. 
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Heavy 
Coarse 
Light 
Fine 


None 


RED STAIN 

ON FILTER 
Slight 
Slight | { 
None { 


REACTION 
TIME, 
HOURS 
18 

18 


TABLE 1 
OF | IRON IN 
| FILTRATE, 
P.P.M 
1.80 


FILTRATE 
P.P.M 


RED STAIN 
ON FILTER 


REACTION 
TIME, 
MINUTES 


TREATMENT 
* Free CO. neutralized to bicarbonate. 


Lime hydrate*........... 
Caustic soda*............ 


Original untreated....... 
Alun, 3. <5... 


Alum, 3 g.p.g. 
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It.is obvious that the addition of alum was of no assistance m2 
bringing down the iron, but apparently helped to hold it in solution a - 


by slightly increasing the carbonic acid. Dosage of 1 grain per gal- noe 
lon produced a heavy coarse floc of alumina over-night. A fine- ; 


grained floc of poor type was produced to some extent by the higher — 


dosages over-night and no floc by the small dosage. No floc appeared 


within the 20-minute period. 


An interesting phenomenon was now noted. With the addition — 


of soda-ash the iron immediately became oxidized, but was peptized — 
and remained entirely in colloidal solution as shown by the high 
color and total amount of iron in the filtrate. ‘There was no improve- 
ment even over-night. The addition of caustic soda acted similarly 
although not to as great an extent. 

By the addition of lime hydrate the iron immediately became oxi- 
dized in an insoluble form as shown by complete removal upon filtra- 
tion, the low color of the filtrate, and a heavy stain upon the filter — 
paper. 

The second sample for experimentation was taken from well No. 5 
after pumping 2} m.g.d. the previous 24 hours. As received at the 
Laboratory it analyzed as follows: 


p.p.m 


‘Similar experiments were made upon this sample except that only © 
one dose of alum was tried, also a mixed dose of alum and lime hy- 
drate, and in an additional lime experiment a shorter period of time 
for reaction, 10 minutes. Results are shown in table 2. 

Again the soda-ash peptized the iron, failing to precipitate it, and 
the caustic soda partially peptized the iron. The lime precipitated 
the iron immediately so that it entirely filtered out. This was true 
in the 10-minute test and in the test with lime and alum together. 
Alum alone again failed to remove the iron. 

Another sample from well No. 5 after 24 hours pumping was re- 
ceived for experimentation. This sample contained 32.9 p.p.m. CO, 
11 p.m. alkalinity and was colorless when received. this 
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* Free CO, neutralized to bicarbonate. 


sample varying short periods of time with lime alone was tried, start- 
ing filtration after one, three, five, and eight minutes. Filtration was 
slow, however, and the necessary time for this is also shown in the 
table as well as total time. ‘ 
In addition, aeration by blowing washed air through the sample | 
for 2, 5, and 10 minutes was tried without addition of chemical, the 
samples filtered, color determined, and also residual carbonic acid. 
These experiments were added in case the contract for additional wells 
should be changed to low-pressure pumps so as to permit double — 
pumping and intermediate aeration with filtration. The results of 


the above experiments are shown in table 3. 


It will be noted that the lime reaction is immediate, all of the iron 7 


> s 
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being removed on filtration after 1 minute’s reaction. Aeration alone © ee 


reduced the carbonic acid, caused the iron to partially oxidize, but 


none was removed by filtration, although all precipitated in the fil- __ 
‘trate on standing over-night. 


As the samples sent to the Laboratory contained dissolved oxygen 
it was decided to determine the amount in the water at the well dis- 
charge. Samples were taken off the discharge pipe through a tap out 


of contact with air and determination of dissolved oxygen made on 
the spot. The results indicated entire absence of dissolved oxygen. 


Oxidation of the iron by chlorine at the well was then tried and © 


proven feasible. Dosage of 0.5 p.p.m. gave no residual. After cal- | : 


culating that 1.9 p.p.m. chlorine would be required to oxidize the 3 — 


p.p.m. iron content of the water at that time to ferric condition, dos- _ A 
age of chlorine was increased to 2 p.p.m. Residual chlorine was then — 
determined to be 0.09 p.p.m. allowing one-half hour for color develop- _ 
ment, the presence of iron delaying the reaction with the orthotolidin. — 
The chlorinated water discharged to a nearby brook was yellow show- | 


ing that the oxidation was an immediate reaction. 


The amount of dissolved oxygen necessary to oxidize the iron is — 
very slight, in the ratio of 8:56 or one-seventh the weight of the iron. = 


In the present instance with iron 3 to 5 p.p.m., the oxygen required 
would be 0.43 to 0.72 p.p.m. It was thought that possibly suffi- 
cient oxygen could be introduced into the suction end of the wells 
by running the vacuum chlorine machines without chlorine and 
allowing air to be pulled by the injectors. As oxygen is only one- 
fifth of the air, 5 times as much air would be needed. When it was 
tried it was found that the tubes would not carry sufficient water for 
this purpose. As a matter of fact, only about sufficient air to oxidize 
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TABLE 2 


eaperinent: on iron removal, wal 


of one-fiftieth m.g.d. The filter was a stock 36-inch pressure filter 


company. 


at the center of the first reaction pipe, at the end of this pipe, and 
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the iron could be forced down the tubes by a small air-compresgor 
pump, 

The above experiments indicated that the iron could be completely 
removed from this well water with single pumpage by installation of 
sand pressure filters between the pumps and the main, forcing g 
solution of lime into the water ahead of the filters, at the same time 
forcing air into the water or using chlorine to oxidize the iron. While 
the lime reaction was immediate it seemed also best to plan a reaction 


chamber. 
bas gat 


Owing to the unusual features necessary at this plant, it seemed 
essential to erect a small experimental plant to try out the process, 
Accordingly such a plant was set up at one of the wells on a scale 


OF 


PERIMENTAL PLANT 


furnished by the American Water Softener Company. The sand 
had effective size of 0.56 mm. and uniformity coefficient of 1.78. A 
meter was installed for measuring the water passing through the 
filter. The lime-feeding equipment was also furnished by the above 
It consisted of a chemical mixing tank 3 feet square by 2 
feet deep, a } h.p. motor with reduction gear and pump for forcing 
milk of lime into the supply pipe leading to the filter. Baffles re- 
volved in the bottom of the tank to keep the milk of lime uniform. 
Feed was through a floating weir protected by a screen and dosage 
proportioned automatically to the amount of water filtered by an 
American Electro-Magnetic Proportioner. The milk of lime passed 
to a shallow pump well where it was diluted with clear water and 
overflow prevented by a float-valve. The filter had the usual gravel 
below the filter sand. The water prior to passing through the filter 
and after introduction of the lime could be sent through one or two 
sections of pipe for additional reaction period as well as directly 
to the filter without passing through these pipes. Each pipe afforded 
7 minutes reaction time. Experiments indicated that it took about 
15 minutes to pass through the filter, thus total reaction time could 
be 15, 22, or 29 minutes. 

Sampling cocks were arranged just after addition of the chemical, 


at the end of the second reaction pipe or just prior to the filter. 
Sampling was also available directly on the well pump discharge and 
of the final filter effluent. The well was operated at full capacity 
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discharging to a stream and the necessary quantity of water diverted 
through the experimental plant at the required pressure by means 
of valves. Necessary laboratory equipment was brought to the 
plant to determine at the location dissolved oxygen, free COs, alka- 
linity to phenolphthalein and methylorange, and pH. Samples for 
other determinations, iron, ete., were taken back to the Laboratory. 
The plant was operated by Department engineers and tests made 
by the Laboratory Division. Assistance was also rendered by 
officials of the American Water Softener Company, Mr. Runcie, 
Mr. Hodgkinson, and Mr. Bacon, Chemist. 

Five series of tests were run under varying conditions. Unfor- 
tunately improper lime was used in the first three series. It con- 
tained about 30 percent magnesia and was considerably carbonated. 
As a result the chemical caked badly and the dosage required was 
very abnormally high. The results have been included, however, 
because of valuable information. The last two series were run with 
correct lime, containing 66 percent CaO and 5 percent MgO. Dos- 
age with correct lime was close to theory. 

In these plant tests free CO, varied from 40 to 44 p.p.m. Calcula- 
tion of dosage of lime hydrate required for 40 p.p.m. COs was 2.3 
grains per gallon based on 65 percent CaO in the delivered lime. 
Actual runs with 2.25 grains proved effective. Pounds required 
may be calculated as follows: 8.2 pounds (65 percent CaQ) lime 
hydrate per million gallons are required per 1 p.p.m. COs, therefore 
8.2 pounds X 40 p.p.m. X 5 m.g.d. equal 1640 pounds per day. 
Theory requires alkalinity and hardness to be increased 1.1 p.p.m. 
for each 1 p.p.m. CO: neutralized to bicarbonate. Therefore, alka- 
linity and hardness should be increased by about 44 p.p.m. making 
expected results under correct conditions approximately 52 p.p.m. 
alkalinity and 66 p.p.m. hardness. Certain of the experimental 
results approach these figures. 

The correct amount of water was diverted through the filter uniiet 


_ 60 pounds pressure to give a filtration rate of approximately 2 gallons 
per square foot of sand area. The first run was made without air 
_ and with no reaction time except during passage through the filter, 
: _ By reducing dosage and timing the return of reaction with phenol- ‘- 
_ phthalein it was indicated that passage through the filter required | 


— 12 to 15 minutes. Removal of iron was practically complete under © 
_ these conditions. Dosage was checked by strength of lime solution _ 
fed both by weight, by analysis, and by drop of suspension level in 
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a measured time. Table 4 shows both the apparent dosage and the 
probable actual reacting dosage. The lime had been standing jn 
the mixing tank several weeks before the first series of runs as it had 
been mixed to try out the equipment. This also helps to explain 
the high dosage, by probable carbonating during standing. 

The second and third runs were likewise made with no air and with 
one reaction pipe and both reaction pipes in use respectively. Iron 
removal was complete. Tests for dissolved oxygen made at the 
beginning and end of the runs indicated its entire absence. The 
fourth and fifth runs in this first series were then made with air, 
pumping it down the chlorine tube to the pump suction of the well, 
the fourth run with only filter reaction time and the fifth run with 
one reaction pipe additional. Dissolved oxygen added was deter- 
mined at the pump discharge as well as after addition of the chemical 
and was slightly less than 1 p.p.m. Iron removal was again complete. 

The next series of two runs was made by the engineers and samples 
brought to the Laboratory for analysis. The lime tank had been 
emptied and a fresh batch of chemical mixed. One run was made 
without air and one with air using full reaction time in both cases, 
Dosage, kept at 2 grains per gallon, evidently was a little low as 
shown by pH of 7.8, and the iron was largely but not completely 
removed, indicating that free CO, must be completely neutralized. 
Again presence or absence of air made no difference. 

The above two series had been run with 5 percent lime emulsion. 
The third and remaining series were run with lime in 2 percent emul- 
sion, to obtain a closer check on dosage. 

The third series was run with the old lime, with air, and with full 
reaction time. Iron was completely removed, but dosage was again 
higher than theory. 

New correct lime was now procured through Mr. Baker. The 
fourth series was run with air and with full reaction time and the iron 
was completely removed with dosage as low as the theoretical. 

The fifth series was then run without air, with half reaction time, 
and with theoretical dosage. Iron was practically completely re- 
moved, although apparently a slightly higher pH was required. The 
experimental plant results are all included in table 4. 

It was now felt that it was entirely feasible to plan a plant with 
facilities for adding sufficient lime hydrate to neutralize the free 
carbonic acid to form calcium bicarbonate and produce a pH slightly 
over 8.0. It was advised that removal could be obtained with or 
without air although provision should be made to introduce air into 
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1586 VOUT AIS A. W. WA. 
the suction of each well to produce a content of 1 p.p.m. oxygen, 
that reaction chamber be provided for a period of 10 minutes jp 
addition to the filter, that filter capacity be sufficient to give two 
gallons per square foot filtration rate against a pressure of 60 pounds, 
that sand be specified with effective size 0.40-0.50 mm., uniformity 
coefficient less than 1.60, and care taken to purchase lime hydrate 
low in magnesia. ee 
FULL PLANT SCALE 


The plant was planned in detail by the Designing Division, Joseph 
Goodman, Division Engineer in Charge (now Chief Engineer of the 
Department). When ready to operate, the Laboratory Division 
made tests. No water was turned into the mains until bacteria] 
samples from each filter showed the absence of B. coli. This asa 
sanitary measure is quite essential with new sand. Phenolphthalein 
was furnished and the operator instructed to obtain a very faint 
pink in the filter effluent. Tests were made at the plant both with 
and without air introduction and complete iron removal obtained in 
either case. With about 2 p.p.m. neutral or normal alkalinity and 
pH of 8.2 operation is successful. The wash water contains a white 
or light green sludge, never red. The green color is due to the hy- 
_ drate of partially oxidized iron, Fes0,. The white is due to ferrous 
- earbonate FeCO;, which is insoluble, and also to some occluded 
calcium carbonate. Ferrous hydrate is soluble to extent of 6.7 
_ p.p.m. On exposure to air the sludge turns red due to oxidation to 
ferric hydrate. 

After two years operation it was noted that sand was being removed 
- with the wash water. Inspection showed that the sludge was of 
loose sticky character and had adhered to the sand so that the latter 
_ had built up in volume to the top of the wash water drains. It was 
also found that the 72-inch reaction pipe contained a small amount 
of similar sludge and a large amount of sand from the wells. Ferrous 
carbonate is a very sticky product. The deeper sludge in the filters 
was white, but the upper sludge green due to partial oxidation which 
takes place very rapidly on exposure to air. Analysis of the sludge 
indicated the following composition : 


percent 
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The actual determination of CO: was 15.09 percent against 15.40— 
percent loss on ignition after removal of the moisture. The undeter- | 
mined may be oxygen, or traces of magnesium oxide or manganese — 
oxide. It was found that the sludge was readily removed from ae 
sand by treatment with raw well water due to its high carbonic acid ~ 
content. The filters were put into operation without addition of | 
lime. This re-dissolved the calcium carbonate raising alkalinity and © 
hardness to 88-92 p.p.m., pH 7.4 to 8.2, CO» residual 2-4 p.p.m., 
and iron 0.15-0.80 p.p.m. Addition of air to oxidize the iron and © 
prevent its re-solution did not apparently help. It would also have 


TABLE 5 


Average analyses for the year 1935. Raw—Flushing Electric Wells Nos. 1 and 6. 7 
Filtered—Flushing Filter Plant Effluent y 


RAW FILTERED 
Physical examination: 
Chemical: 
Albuminoid ammonia (p.p.m. nitrogen).............. 0.037 
Free ammonia (p.p.m. nitrogen).................+. 0.057 
0.05 
Hardness (p.p.m. calcium carbonate).............. 21 40 
Total alkalinity (p.p.m. calcium carbonate)....... 11 wa 
Neutral alkalinity (p.p.m. calcium carbonate)..... 


been possible to oxidize the iron with chlorine for this purpose. 
However, only a few million gallons filtered without lime reduced = 
the level of the sand about 10 inches, and in a few days sufficient —__ 
to resume operation with lime hydrate. It was necessary, also, to / 
treat the sand and sludge in the 72-inch pipe line with raw water and 
pump it out. It was astonishing that so little loss of head was _ 
occasioned by so much material. The above trouble could be © 
avoided if it were possible to wash regularly first with raw water and — re 
then filtered water, but occasional operation without addition of lime 
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The plant has been operated regularly without addition of air and 
oxygen has been entirely absent when tests were made for it, 
Average analyses of the raw and filtered water are shown in table 5, 
The slight excess lime necessary without air is probably required to 
Re. neutralize the bicarbonic acid combined with the iron. During 1935 
oe a total of 1,090 million gallons of water was filtered, using 453,250 
pounds of lime hydrate. This equals 416 lbs. per million gallons 
or 2.9 grains per gallon. This was an excess of about 15 percent 
_ over the theoretical required and was the cause of the sludge accumy- 
lation. However, this excess feed of lime accounts for the lower 
on increase in hardness and alkalinity in the filtered water than expected 
a by theory and experienced when beginning operation of the filter 
_ plant. The filters have been washed once daily and loss of head 
has been 6 pounds or less. 
The unforeseen advantage gained from operation as described is that 
water containing no dissolved oxygen as well as no free carbonic acid is 
_ sent into the mains and such water is practically non-corrosive. With 
any other water, if air were necessary, it should be limited to the 
least amount required or else exact dose of chlorine used to oxidize 
- _ the iron. The amount of chlorine required would be only that 
s equivalent to the additional oxygen and with the above water would 
- -be 2p.p.m. The total amount of possible corrosion depends upon 
amount of dissolved oxygen in the water. 


APPENDIx 


Two Layne Wells, 2.5 m.g.d. each, operating at 50 to 90 pounds 
pressure to main. 

Ten horizontal pressure filters 20 feet by 8 feet, 100 pound work- 
ing pressure, tested on installation to 150 pounds. Silica graphite 
- paint, two coats inside and outside. Steel wash water trough inside 
the filters similar to gravity filter. Hydraulic sand ejector attach- 
ment and 100 foot 4-inch sand ejector hose. Cast-iron drilled 
laterals for grid. Concrete bottom. Rounded and graded gravel, 
18 inches depth, in five layers, silicious material. Sand 2 feet, 3 
inches depth, effective size 0.4-0.5 mm., uniformity coefficient 1.6 
minus, 2 percent less than 0.25 mm., 95 percent less than 3 mm. 
Venturi-type rate controllers, }-1 m.g.d. range. American Water 
Softener Company were sub-contractors. 

Venturi meter for entire plant effluent. 
in Reaction chambers are two 72-inch steel mains buried in the groun 
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outside the building, equipped with baffles, air relief valves, and 
sludge blow-off. Reaction time 10 minutes. 

Pressure lime feeding equipment. Lime preparation tank above 
two feeding tanks with stirring equipment electrically driven. Feed- 
ing device automatically controlled by metering device proportioning 
to flow (R. W. Sparling) 0-7.5 m.g.d., under 50-90 pounds pressure, 
feeding up to 5 grains per gallon dosage. Pump and feeding device, 
plus or minus 5 percent allowance. Electric motor for controlling 
operation showing —50°C. temperature rise, 208 volt, 60 cycle, 3 
phase, fan cooled. 

Ventilating fan for lime mixing room, also respirator and goggles. © 

Air compressors and air tanks for each well provided in case of — 


need. 
Filters back-washed from effluent main. Wash water deed 

to a settling basin overflowing to a small brook. vhs 2 
Specification for lime, A. 8. T. M. standard for lime hydrate fer 

water treatment (6-54-27). Lely. 29 


Rosert SpurR WeEsTON (Consulting Engineer, Boston, M ass): 

Dr. Hale’s paper is remarkable not only for its careful record of his => 
working out of the process of what may be called anaerobic aa “ne 

tion, but for its broad scientific grasp of the whole subject which ~ E 

treats. 

Closed systems are not new. They have been used for iron res an 

moval before, and while it has been claimed that aeration is not ‘te i 

factor in their operation, careful examination has shown that enough 


oxygen usually enters through leaky suctions or pump packings to s 
supply the small amounts required to oxidize the iron. How small , 
this is,—one seventh of the weight of iron,—Dr. Hale has stated. a 


Some of these closed systems have worked; others not. Where ‘Ge 
removal was relatively easy, the time factor sufficiently long, — be + 
interfering substances like organic matter and manganese, low in — 
amount or absent, success has been reached. It could not be ae 
obtained at Vinshiog, L. I., nor at most plants with which the writer 
has been connected 

Attempts have been made to use catalyzers in closed systems, and ery 
several large installations have been made. The writer described idee 
some of these twenty-five years ago. Among these might be men-— U 


! Purification of Ground Wate ay Journal Amer. Soc. C. E., 64, 1909, page 
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tioned some German plants. At Hanover, the water contained 0.5 
p.p.m. of iron and traces of manganese, a total of less than 0.7 p.p.m, 
The plant was installed in 1904, and in 1907 consisted of thirty 
pressure units filled with beechwood shavings. No aeration was 
provided except that which unavoidably takes place through the 
defective joints in pumps, wells and mains. The Hanover filters 
removed only a part of the iron and manganese. There was an 
after-precipitation in the water tower, whose color indicated man- 
ganese more than iron. 

The plant at Miinchen-Gladbach treated a water containing 2.3 
p.p.m. of iron. It was necessary to wash the filters in this plant 
three times a day and to remove and clean the filtering material in a 
washing machine every two months. In this plant, the shavings 
were pregnated with tin oxide, and the plant required 225 pounds of 
this chemical per month for a nominal capacity, (actual less, of course) 
of 1.8 m.g.d. 

Another similar plant is at Furstenwalde-a-Spree, treating water 
containing 1.4 p.p.m. of iron, but ne manganese, at a high rate. In 
this plant, however, aeration was effected by admitting air into the 
suction. At last accounts the results were not quite satisfactory. 

It has also been known, as Hoover and others have shown, that the 
Clark process of water softening removed iron with the precipitated 
carbonates, but in an oxidized condition. Therefore, the successful 
removal of iron in the form of ferrous carbonate in a closed system | . 
must be credited to Dr. Hale entirely. war, 

Not the least advantage of the process is the production of a non- | 
corrosive water. Offset against this, of course, is the increased hard- 
ness of the water and the resulting accumulations in filter sand, water 
meters and pipes, all due to the excess of lime used. Here, as in the 
softening process, re-carbonization after filtration might help. 

The excellence of the paper lies not only in the discovery of the 
new process, but in the record of how that discovery was made,—how 
the fundamentals were carefully considered, how the author by logi- 
cal reasoning from these fundamentals rather than by trials of cook 
book recipes, reached his successful end. 

As he states, he was instructed “to devise a method of removal of 
iron with single pumpage in a closed system.’’ His success records a 
triumph for the scientific method, also his giving to the water works 
profession a simple and economical process of deferrization of wide 
application and benefit. 
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DEVELOPMENTS IN RAW WATER PREPARATION AND dao 
THE USE OF CHLORINATED COPPERAS AT 

RICHMOND, VIRGINIA 


mcr 
a (Engineer of Water and Electricity, Richmond, Va.) 

To indicate how much the improvements that have been made in © 
raw water preparation have accomplished at Richmond, Va., tablel 
has been prepared. In table 1 the water after filtration obtained a, 
during September, 1930, is compared with the water, coagulated, 
but not filtered obtained during September, 1935. 

Improved raw water preparation has produced a better water with- 
out the aid of filtration and reduced the quantity of coagulant ree 
quired by more than 67 percent. The results for the month of Sep- 
tember were used because the raw water is always then most difficult 
to treat. This is indeed an unusual case, but one that should encour- 
age the splendid work that is being done from coast to coast toobtain = 
better preparation for filtration. ae 

The Richmond plant is an ideal laboratory location, the raw water 
presenting virtually every problem known to water purification. — 
The source of supply, the James River, drains an area of seemingly __ 
unlimited types of soil and many industrial plants add their waste = 
materials. Temperature, a factor in coagulation, the importance of 
which is frequently not realized, varies from the coldest to perhaps 
within a few degrees of the warmest found in any supply. And 
finally, the flow is from 348 to 113,000 c.f.s., with its consequent 
change in quality from a highly turbid rain water to a highly colored, 
limestone spring water. 

The improvements in raw water preparation have been along three 


lines: 
Reduction in the quantity of the coagulation—inhibitory trade 
ms wastes discharged into the stream above Richmond. 


- 2. In the mechanical treatment, and 
8. In the chemical treatment. 

‘The inhibitory effects on coagulation of several types of pepit 

trade wastes are indicated in 1. is evident that with 
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large establishments discharging a mixture of these wastes into the 
stream, it became imperative to limit the quantities. While there 
has been much improvement because of the codperation of the re- 


TABLE 1 
Coagulated water compared with filtered water 

LATION 

p.p.m. p.p.m. p.p.m, P.p.m. | pounds 

per 

| million 
gallons 

Filtered. .........; September, 1930 | 1.5 7.3 | 4.5 | 0.80 | 816 
Coagulated........ September, 1935 | 0.5 3.6 2.5 | 0.25 | 266 
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CUBIC CENTIMETERS 


sponsible manufacturers, they continue to discharge sufficient quanti- 
ties to increase considerably the natural difficulty in preparing the 


James River water for filtration. 


WASTE ADDED TO 250,000 CC. RIVER WATER 
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MECHANICAL FLOC TREATMENT 


Laboratory studies indicated that additional mixing time in plant 


operation would materially improve the preparation for filtration. | 


Later it was found that the return of a part of the settled floc to be 
mixed with the newly formed floc would increase this improvement. 
As a result the mechanical stirring and recirculating devices, which 
have subsequently become known as the ‘‘Flocculator’’ were designed 


and installed. A detailed description of their design and the results ue 3 
obtained are given in articles which appeared in the April, 1932 issue _ 


of “Water Works and Sewerage” and in the Apri!, 1933, JouRNAL. 


The highly successful operation reported in these former articles — “y 


has continued. In fact, during the past winter, their efficiency has — 


been greater than ever before. 
CHEMICAL TREATMENT—PRECHLORINATION 


The first important change in the chemical treatment of the raw 


water was the adoption of prechlorination. The purpose was to | 


accomplish sterilization as early as possible in the purification process, 


and to reduce the coagulation resistance of the organic material in _ 


the raw water. The results obtained have been highly successful. 
They include a reduction in quantity of coagulant; early and com- 


plete sterilization ; stabilization of settled materials in the coagulated _ es 


water basins and the inhibition of the growth or organisms in the 
filter beds, which growths had often seriously shortened the filter 


runs. Fortunately, improved mechanical means of utilizing the _ 


chlorine (ton containers) has so reduced the unit cost of that chemical _ 
that, in spite of the increased quantity used, the total cost has not _ 


been materially changed. 


It is one of the contradictions of water purification practice that 4 


chlorinous tastes are often prevented by using more than a limit. 


At Richmond the minimum quantity that may be used on this _ 


account is approximately 10 pounds per million gallons. The 
quantity required is usually above this minimum, and is controlled 
by maintaining a residual of 0.1 p.p.m. at the filter effluent, the 
average annual quantity used being 16.32 pounds per million gallons. 


THE COAGULANT 


Sulphate of alumina is indeed a remarkable compound and it has 
so proven its value in water purification that it becomes almost 
heresy to admit its limitations. 
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Here may arise a contention as to what constitutes a limitation, 
Most waters may be successfully filtered with no chemical treat. 
ment if the rate of filtration is sufficiently low. Conversely, the 
higher the rate of filtration the more complete must be the prepara. 
- tion for filtration. Therefore, those plants which adopt a high rate 
of filtration must obtain a correspondingly highly successful prepara. 
tion for filtration. 

It also seems evident that the necessity of a uniformly well prepared 
water for filtration is much the same as that the links of a chain be 
of uniform strength; because a failure in preparation for filtration 
must reduce either or both the filtered water quantity or quality, 
- Hence it seems that any coagulant that fails to a noticeable degree 
- during natural raw water conditions has limitations of serious im- 
portance. 

Probably no coagulant is now available that is without its limita- 
tions, but methods of lessening the effect of these are the subject of 
much study at the present time. What follows is a discussion of 
some of the results obtained at one plant. 


The limitation most frequently effective occurs when the turbidity 
of the raw water is descending in total quantity. While no data ar 
submitted due to the difficulty of effective compilation, it is a fact 
that no single coagulant has been found that will maintain its maxi- 
- mum efficiency under this condition. Often with this raw water 

- condition the floc formation seemed perfect, yet a large quantity of 
colloidal turbidity was not removed and of course an increased 
4 burden was thrown upon the filters. Those filters having coarse sand 
Eee (experimentally) and operating at high rates would then have to be 
removed from service in order that the effluent quality be maintained. 

Fortunately, this limitation has been corrected by a combination 
of treatments. With this condition, excellent results can be obtained 
by using a small quantity of alum in addition to the main coagulant, 
__ which is now chlorinated copperas. The reverse is also true; copperas 

assists i in much the same manner when alum is the main coagulant. 

Repeated experience has proven the effectiveness of this simple 

expedient; a combination of coagulants, the quantity of added 


: 


eoagulant being usually from 1 m 10 of the weight of 
it iwi tt 
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CHEMICAL CONTROL 


The only real limitation that has been observed when using chlori- c s 
nated copperas at Richmond as the coagulant is the required accuracy _ 
of the control of the quantity applied. This is most noticeable when | 


certain raw water conditions obtain; usually at low temperatures, 
Even under these conditions results are splendid so long as the 
quantity applied is carefully controlled. 


It has now been definitely established that the addition of 10 to a 
20 pounds of burnt lime per million gallons has a marked effect in <% 


widening the quantity limits for coagulation when these adverse 
conditions are effective. For example, with one sample of raw water 


without lime, the limits for successful coagulation were found to be © 


270 to 280 pounds of copperas per million gallons; with 15 pounds of 


lime added, these limits became 260 to 320; 25 pounds of lime widened — : Ss 


these limits 260 to 340 in the same units. Continuing to increase 


1595 


the lime gave no further improvement; and 50 pounds per million © he | 


gallons became detrimental. The alkalinity of this raw water was 
54 p.p.m. 


use of chlorinated copperas by the non-technical operators. 


COST 


Of a different nature, but of real importance is the cost of the 
coagulant. Fortunately there are several coagulants that are quite 
efficient and suitable for water purification. 
less expensive than others. 


material resulting from other production. 


its sale price is artificially adjusted. 


In table 2 are given the results of more than two years of study © 


with almost exclusively Richmond water. While no such data can 
be held to be universally applicable, they indicate the relative coagu- 
lation efficiency of the various chemicals considered feasible for use 
as the plant coagulant. 

With the information in table 2, it became a simpler matter to select 
the most economical coagulant. Thus in January, 1935 chlorinated 
copperas was first introduced as the plant coagulant. Its use had to 
be discontinued during parts of the summer of 1935 because of insuffi- 
cient experimental chlorine control capacity; but since adequate 
capacity has become laa it has been the main coagulant. 


Some should always be — 
For example, the sulphate of alumina — 
is essentially a manufactured product, whereas copperas is a waste | 
Hence there isno reason 
why this iron salt should not be much the cheaper of the two, unless — 


And so, this expedient has made entirely practical the — * 
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TEMPERATURE 
a “4 As has been mentioned, the temperature of the raw water has its 


effect upon coagulation. Seasonal variations in the flow and in the 
organic loading have their effect, but temperature must also be 
considered. 

Of course, the temperature of the supply cannot be controlled, but 
we can realize and reduce or eliminate its effect on the preparation for 
filtration. 


Comparison of coagulants 


FERRIC FERRIC FERROUS ALUMINA 
CHLORIDE | SULPHATE | SULPHATE | SULPHATE 
Molecular weight. 162.21 | 399.87 | 278.02 | 666.38 
Ratio iron........... 1.71 | 1.39 | 1.00} 
Ratio annual average to coagulate | gf} 
1.00 1.90 1.85* | 2.00. 
Ratio annual average to coagulate 


* Before chlorinating. 


dijo 
Chlorinated copperas at low temperatures 


=) AVERGAE POUNDS PER 
a AVERAGE MILLION GALLONS 
7 PERIOD COMPARED TEMPERA- COAGULANT 
TURE 
Industrial City 
degrees C. 
Last full month, both plants on alum......... 13.5 323.8 328.7 
January, 1936, Industry on Alum; City on ' 


At low temperatures the efficiency of alum decreased rapidly, and 
frequently has become almost a complete failure. On the other hand 
the iron salts seem to be ideally suited for cold water coagulation, and 
this fact alone is deemed of sufficient importance to continue the use of 
chlorinated copperas at Richmond during the winter months. 

To illustrate this one point, the results obtained at an industrial 
: water purification plant at Richmond using James River water, but 
alum as a coagulant, are compared with the Richmond City Plant 
in table 3. 
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The reasonableness of this startling comparison is substantiated by | 
figure 2. The curves indicate the effect of temperature on coagula- — 


tion of the same water with alum and with chlorinated copperas as 


the coagulant. While for this water there is but slight increase inthe — 
quantity of chlorinated copperas required at near freezing tempera- — 


ture, the ordinate becomes asymptotic to the curve when alum is the 
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indicating that at this temperature, the unit weight required jaa 


coagulation is the same for chlorinated copperas as for alum. How- 
ever, the temperature at which this occurs with the average raw water 


has been found to be slightly higher. Of more importance is the fact eo 
that chlorinated copperas is considerably cheaper per unit weight than _ 


alum; hence these curves when plotted with dollars rather than 
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weights as the ordinate, show that it is not economical to use alum 
until a much higher temperature is reached. This temperature ig, 
of course, determined by the actual cost of the two coagulants. — 
This is clearly not intended to be a scientific discussion of the 
physics and chemistry of coagulation. It is instead a report of the 
experiences and observations made in the efforts to improve coagula- 
tion at one plant having quite a difficult water to treat. Hence it 
becomes proper to present here certain facts not yet scientifically 
proven. 

When a supersaturated solution of chlorine is led into a confined 
space, such as a pipe line, containing a concentrated ferrous sulphate 
solution, the physical and chemical reactions are certainly active. 
This method of chlorinating copperas has apparently been standard 
practice. To lessen the possible deleterious effects of temperature 
change or side reactions, a reaction chamber 3 feet in diameter and 9 
feet high is used at Richmond. Baffles are arranged to prevent direct 
impingement of the two solutions. Provision is also made to add the 
chlorinated copperas solution to the main body of water to be treated 
as uniformly as possible. We believe, but cannot prove this to be an 
advantage. 

Again we know it to be possible, maybe practical, to change the 
assumed reaction of chlorinating copperas. One molecule of ferric 
- : sulphate for each molecule of ferric chloride are the compounds 
io generally assumed to be formed in this reaction. By reducing this 
ratio in favor of more chloride and less sulphate, the indications are 
that better coagulation results would obtain, particularly at times of 
warmest water. 

Still in the experimental stage, but offering much promise is the use 
of a small quantity of bleaching powder to aid in the oxidation of 
the copperas. The quantity used is not definitely limited, but if as 
little as 5 percent of the necessary chlorine be obtained from the 
chloride, the improvement is apparent. It is evident that it is quite 
possible, but now commercially impractical, to produce the entire 
reaction of chlorinating the copperas with this calcium compound. 
This procedure certainly has a marked effect on the coagulation 
efficiency of chlorinated copperas, and it gives promise that it will be 
of material benefit during warm water periods. 
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DISCUSSION 


Manufacturing Company, Philadelphia, Pa.): If mere words of 
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SUMMARY 


The experiences with chlorinated copperas at Richmond, Va. show s 
(a) It is an excellent cold water coagulant. ny 

(b) It has reduced operating costs. 

(c) It produces other less important benefits with no unfavorable 
results. 

In conclusion, it is a pity that in water purification the results can- eee 
not be transferred from one plant to another; yet it is certain that at 
every plant there is a reward that can be obtained by a study of its 
problems, and that these rewards, collectively, will make everywhere 72 
possible a raw water that is uniformly well prepared for filtration. ei 

To Mr. Frank O. Baldwin and to Mr. Chris. F. Bingham of the —s_—© 
Richmond plant, acknowledgement is fully given for their ability and — ¥ 
untiring assistance in the accomplishments here reported. One 


L. L. Hepeeretu (Manager, Technical Service, Pennsylvania Salt hs 


praise were an adequate recompense for past accomplishments and 
were of sufficient weight to encourage additional research at the Rich- | 
mont plant, we could aptly limit our comments on the preceding paper 

to expressions of congratulations to the author. But the wide accept- m 
ance of his previously published, improved methods of raw water 
preparation speaks for itself. Mr. Smith and his able assistants have 
consistently strayed from beaten paths in their researches and we 

expect continued new and good things to come from Richmond. rm 

In the very limited time for our discussion we wish merely to touch © 

upon the following phases of Mr. Smith’s paper: 


1. Excessive doses of chlorine for the prevention of chlorinous 


The utilization of two primary coagulants. pe vie 


3. Predictions as to availability and cost of iron coagulants. 


4. The effectiveness of the various iron coagulants. = At 
5. ‘The effect of temperature on coagulation, 
Chemical control of ferric coagulation. 


7. The chlorinated copperas reaction. 

The author’s statement regarding the prevention of chlorinous 
taste by using more than a limit of chlorine is verified by unpublished 
data obtained by Krum at Allentown, Pennsylvania. Experiments — 


WATER PREPARATION AT RICHMOND 1599 

lum 
is, 
the 
the 
ed 
i 
f 
— 


4 


W WAH A. Ww. Wea, 


1600 


conducted there by adding normal doses of chlorine in the form of 
hypochlorites to the top of filters for the destruction of organic matter 
on the filter media and algae on the side walls resulted in taste diff- 
culties which could only be eliminated by following the treatment 
with excessive doses of carbon injected into the filter. However, the 
utilization of a duriron ejector for applying concentrated solutions of 
chlorine (1700 p.p.m.) through the wash water system proved to be 
more efficacious and devoid of after taste troubles. 

The utilization of small doses of alum in conjunction with an iron 
coagulant or vice versa is a fertile field for further study. Previous 
investigations at Elizabeth City and Hertford, N. C., had shown that 
the addition of aluminum, preferably in the form of sodium aluminate, 
was necessary for complete color removal when coagulating with 
chlorinated copperas. Our present knowledge of the nature and re- 
action of colloids in natural waters is limited but, if an iron coagulant 
is indicated for one typical class of water and alum for another typical 
class, then we should expect some mixture of iron and alum to be 
most effective for coagulating a composite of the two classes. 

Regarding the future availability of iron coagulants, it is our 
opinion that there will be a marked increase in production. For in- 
stance, it is estimated that the Pittsburgh, Pa. acid market alone 
consumes approximately 234,000 tons of sulphuric acid for pickling 
steel. If 80 percent of this acid is recovered as FeSO,-7H20, the 
resulting copperas tonnage would roughly amount to 530,000 tons 
yearly. The same is true in comparative degree of the other pickling 
acid areas. When these potential copperas sources are compared 
with the present 120,000 tons yearly water purification market for 
filter alum in the United States, the threat of by-product copperas 
shortage, either natural or artificial, appears too ridiculous to warrant 
serious consideration. 

A substantial increased demand for iron salts has been noted for the 
conditioning of sewage sludge and for chemical precipitation of sew- 
age and trade wastes. Basic prices are already fairly well established 
and that enforcement of existing and pending stream pollution abate- 
ment acts will provide sufficient tonnage to supply the increasing 
demand. 

It is interesting to note that the coagulation results obtained with 
different iron salts at Richmond are at variance with results obtained 
by other investigators on water coagulation but parallel similar tests 
made with sewage sludges. Thus the effectiveness of the iron salts, 
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based on equal iron content, was ferric chloride, chlorinated copperas, mio 
and ferric sulphate in the order named, indicating that the presence __ 
of the chloride ion is more desirable than the sulphate ion. Other Be 
research workers have contended that the sulphate ion was superior 
_ for coagulating waters in which suspensoids predominate while the 


predominate. 
Concerning the effect of temperature on alum coagulation, we have EY 
on several occasions noted adverse results obtained with low tem- 
peratures especially as the freezing point of water is approached. — 
This observation is by no means universal so, obviously the content — 
the water is an influencing factor. However,'where such condi- 
tions prevail, coagulation obtained in jar tests using cold water was ie a 

| a very poor but could be improved markedly by raising the temperature e e 
of the water. Our observations also substantiate the conclusion — * 
obtained at Richmond that ferric coagulation is not deleteriously — 
affected by low temperatures. 
We do not question Mr. Smith’s contention that very close adjust- i iy 
ment of coagulant dose is necessary during certain periods at Rich- y Be 


mond when employing chlorinated copperas. But his limitation 0 


coagulation exists. It has been our experience that overdosing with 
ferric iron is not conducive to the various objections caused by similar ; os ay 
alum treatment. The ations at Richmond that small 


worthy of note. This fact may pve explain the advantage of Ging 
part chlorinated lime for oxidizing the copperas. : 
We were interested in observing the Richmond chlorinated cop-_ 
peras reaction chamber and are anxious to learn if further studies — 
will reveal it to be of any special advantage. Our own experience — 
leads us to believe that the introduction of chlorine and copperas 
solutions into a closed conduit for a 15-foot run is all that is necessary _ 
for a complete and favorable reaction. Billings at Dallas has re- 
ported that long runs and excessive mixing were detrimental. 
In conclusion, gentlemen, although it is a historical fact that Grant _ 
took Richmond, he certainly failed to break the spirit of its inhabi-— 
tants. We hope those rebels will continue to rebel against the old © 
and “good enough” methods of water purification. ionA 
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: with any other installation where such a narrow range for good ferric 


_ Raven A. Stevenson (Consulting Chemist, Los Angeles, Calif): 
Mr. Smith has ably recorded some very interesting observations and 
results obtained at Richmond, Virginia. 

One of the nice things about his report is that he makes a point of 
stating that his findings are based on conditions as found at Richmond 
and are not to be interpreted as basic data. 

_ We have experienced bad water conditions at the Sacramento Fijl- 
tration Plant similar in nature to those existing at Richmond, and 
some results of like treatment have been quite contrary to thoge 
reported by Mr. Smith. 

_ In the past fifty years advances in the art of treating water have 
been more pronounced in the line of mechanical handling than in 
chemistry and there are all too few basic facts known as yet to make 
water treatment an exact science. 

I like to think of the preparation of raw water for filtration as con- 
sisting of the following steps: (1) dispersion, (2) coagulation, (3) 

flocculation, (4), conglomeration, and (5) coalescence. 99% 
. I interpret these steps as follows: VW 

_ Dispersion of the small amount of coagulant in the relatively larger 
body of water. Best obtained by violent agitation for the least 
possible time for thorough dispersion. 

Coagulation. The instantaneous formation of microscopic floes by 
reason of chemical reaction with the water which takes place during 
the dispersion step. 

Flocculation. The formation of flocs around a nucleus of suspended 
matter by neutralization of electric charges. Best obtained at fairly 
high velocities in the neighborhood of two feet per second. 

Conglomeration. The gathering together of the small tough floes 
into larger and more fragile particles by impact. Best obtained by 
gradually reducing velocities to the point where some settling is 
imminent. 

Coalescence. The formation of extremely large fragile floes by 
mutual attraction and contact. Best obtained at velocities usually 
existing at the inlet end of well designed sedimentation basins. 

In my experience with the removal of suspended matter from water 
and sewage by the use of coagulants I have found these steps to be 
practical to the extent of becoming necessary for optimum results, 
but I do not choose to state that waters everywhere would best react 
to like treatment. 

Another factor influencing the preparation of water for filtration 
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ean be termed stratification. Extremely small differences in tem- ie 
perature will stratify water. As an example, we have observed water © a 
entering a basin over a weir submerged two feet below the surfac ene bs 
which literally slid across the top of water in the basin which was only - : 
1°C. cooler. This condition can be to a large extent corrected by ore 
placing influent baffles the entire depth of the basin. he ; 
One practice that can be universally adopted, regardless of size of B 
plant or character of water, is the frequent use of laboratory stirring me’ ty = 
devices for the determination of coagulant doses. During periods of _ 
violent fluctuation of turbidity and alkalinity at Sacramento we made a 
these tests as often as once each hour and by so doing, were ableto 
put excellent water on the filters regardless of whether turbidities _ ae 
were moving up or down, and without the addition of coagulants other — ee 
than alum. 
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DAMS, PIPE LINES AND PUMPING. 
ret ‘of 
By Samvuet B. Morris 


(Dean, School of Engineering, Stanford University, Calif.) 


No attempt will be made to enumerate completely the large number 
of advances which have been made in design of dams, pipe lines and 
pumping, but a general picture of the progress being made should 
result by calling specific attention to a number of contributions 
recently made to engineering knowledge in this field. Further 
discussion may lead to a more complete statement of the important 
contributions. 

Owing to the use of dams, pipe lines and pumping outside water- 
works practice in such fields as hydro-electric power, irrigation, and 
flood control, reference is made to important projects in these related 
works. Advance has been made in these related fields primarily on 
account of the magnitude of a large number of projects financed by 
the United States Government. The Army Engineers Corps, the 
Bureau of Reclamation, the Tennessee Valley Authority, the Metro- 
politan Water District of Southern California, and many other 
federal agencies and government-financed works have lec led in the 
magnitude of projects now under construction. _ 


binned ab a wiy 


Profitable use of regional planning in developing an entire drainage 
basin is best represented by the Tennessee Valley Authority. Per- 
haps the greatest contribution this project has made to engineering 
science is the planning of a unified and coérdinated system of dams for 
the entire Tennessee Valley to accomplish the triple purpose of 
navigation, flood control, and hydro-electric power. Each dam is 
planned not as a lone structure but as a unit in the complete plan, 
so that the interests of navigation, flood control, and power are best 
served for the valley as a whole. 
prone tite 
ss Coérdinated planning for complete river utilization 
The development of navigation on the Tennessee River by a series 
of high rather than low dams is another element in the Tennessee 
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navigation improvements on the Ohio and the Upper Minsisieed ae 
Rivers. The Tennessee project contemplates the early completion 
of a total of ten dams, making the Tennessee River navigable 650 
miles to Knoxville and developing 660,000 firm kw. of hydro-electric _ 
power. 

Other examples of projects designed to fit into codrdinated plans 7, 
of complete river and regional are the Grand 


on the Missouri River, ai the several dams in ithe Muskingum 
River project. 


Foundations 


With projects of unprecedented magnitude have come greater be ; 
care and more complete testing of dam foundations. Ibelieve36-inch 
diameter core drilling was first done at Norris Dam less than three : 
years ago and has now become standard practice in testing founda- a - 
tions for all large masonry dams. The use of this large diameter van 
core drilling not only produces cores of large size for surface examina- 
tion, but also enables the engineers and geologists to examine the 
undisturbed, freshly trimmed surfaces of the rock in place, the thor- _ 
oughness of grouting, and the contact between dam and foundation, } 
by being lowered into the 38-inch diameter core holes. 

At Norris Dam most thorough washing of clay from horizontal __ 
seams in the foundation dolomite has been accomplished by care in = 
placing of grout holes and cross washing between holes. Improve-— 
ments are also being made in the technique for pressure testing of 
drill holes and in the plotting and interpretation of pressure records. — wae 

Intensive study and experience have resulted in greater care in pas 
fixing the location, spacing, and depth of grout holes, in the better 5S ca & 
understanding of the correct water-cement ratios of the grout for aie 
varying conditions, and in the finer screening of the cement when ave ; 
necessitated by the closeness of the rock jointing. r aes 

These improved methods now used at many dam sites have made _ 
it possible to accomplish most thorough grouting and consolidation _ 
of rock to prevent leakage and sustain high bearing loads, resulting _ 
in great saving in cost of excavation and excavation of deep cut-off 


trenches, and safer, better structures. baer 
Use of 23-inch core drills instead of j-inch is now becoming quite | 
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1606 
common practice, securing much better core recovery, particularly 
from soft rock zones. 

The necessity and economic value of thorough exploration of 
foundations has become generally recognized, and recently approved 
dam sites have been selected only after comprehensive explorations 
and most careful examination and study by qualified engineering 
geologists and engineers. 

Perhaps no region has contributed more toward the demand for 
thorough testing and treatment of dam foundations than has the 
metropolitan area of Los Angeles, where dam failures and failure to 
find foundations have in the past few years lost to the people between 
15 and 20 million dollars on public work. 

An example of thorough dam-site testing is that of the Morris 
Dam for the City of Pasadena and the Metropolitan Water District 
of Southern California, where nearly 14 miles of exploratory tunnels, 
shafts, and diamond core-drillings were driven before the dam site 
was approved and final designs of the dam and its exact location were 
determined. 
9a [le tol 
Special cements and concrete placing yuillinb 1108 
an The use of special cements, especially low heat cements, and im- 

te proved methods of placing have been factors contributing to the 
success of higher and larger dams constructed at unprecedented rates, 

In high, massive concrete dams constructed by modern methods 
up to 5 years ago, increasing tendencies to crack, both perpendicular 
to and parallel to the axes, were observed, as compared to earlier 
constructed high dams. This condition was probably due to two 
principal causes: first, to cement of greater heat of hydration, and 
second, to increased pouring rates which caused the concrete to 
retain more of its heat of setting. In cooling to mean annual tem- 
perature the concrete was overstressed and shrinkage cracks resulted. 

The Morris Dam built under my supervision was the first, so far 
as I know, to be constructed of cement of specified low heat of 
hydration. The cement in this structure generated an average of 64 
calories per gram at 28 days as compared to 90 to 110 calories per 
gram for normal commercial cements, and the dam is remarkably 
free from serious cracking for a 328-foot high dam 280 feet thick at 
lowest foundations. Cement was finer ground, and tricalcium alumi- 
nate was limited tolto6 percent. 
size allith ows donk}? 


resistance, notably on the Colorado River Aqueduct. These cements 
“are low in tricalcium aluminate, and tricalcium silicate is also limited. E. _ 


- puzzolan cement is being used. In the manufacture of this cement — 
— 20 to 25 percent of active silica is being added to the cement clinker 
: aoa calcination and is interground with the portland cement clinker. 
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Boulder Dam was also constructed of cement of low heat of hy-— 
dration. In other dams similar results are being obtained by limiting i * 
the tricalcium aluminate and the tricalcium silicate. For the larger — - 
dams and hydraulic works greater fineness of grinding is now required. 
than formerly, and fineness of cement is being specified by the - 
“specific surface’ rather than of percentages passing a 200-mesh 
sieve. Tests are generally made by turbidimeter, micrometer, oil 
hydrometer. 

Wet, sloppy concrete placed by means of chutes is no longer = 
mitted in mass dam construction. Conerete of low water-cement : 
ratio and low slump of only one to three inches is being placed by © i 
bottom dump buckets. Internal vibrators operating at such high 

_ speeds as to require the use of frequency changers, when —— a 


operated, are generally used. 


Special cements are also being manufactured_to give high — - 


At Bonneville Dam and in the New Orleans district a portland- —_— 


substantial saving in cost is being secured and concrete of the — c 
desired quality obtained. The U. S. Bureau of Reclamation is_ ake 
carrying on extensive tests on the use of puzzolan cement. Further 
tests have been carried on at the University of California. Serious  __ 
weathering of the Arrowrock Dam and other structures built of sand- on 
cement 15 to 20 years ago has led to great caution in the use of E a 
puzzolan or admixtures to cement or cement clinker on important — 
hydraulic works. Jo 


Design and stress analyses 


Stress analysis by the trial-load method developed by the engineers — 
of the U. S. Bureau of Reclamation has continued to give the best 
results in designing arch-gravity and thin-arch dams. This method 
is constantly being improved, resulting in determination of proper 
dam sections in a shorter time. In analyzing stress conditions in Sito 
straight gravity dams it has been found desirable to investigate loads ‘oer z 
carried by horizontal beam action and by twist action in both vertical — 
and horizontal elements. al. 10 
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Analytical studies combined with model tests and field obserya- 
tions have given a better understanding of shear distribution and 
shear-friction factors of safety along the foundations of concrete 
as & dams. Photo-elastic studies have proven of material advantage in 
checking stress distribution, and improvements in manufacture of 
materials to be used in models and in laboratory equipment have 
been made. The photo-elastic method has been further applied to 
study of stresses in large valves and spillway gates. 

Inclusion of earthquake forces in the design of concrete dams is 
now generally followed. Both forces due to acceleration operating 
a a on the mass of the dam and due to hydrodynamic forces resulting 

from the oscillation of the dam against the still water in the reservoir 

le are included. 
In the design of Boulder and Grand Coulee Dams jointing planes 
parallel to the axis of the dam have been included as well as the usual 
50-foot spacing of contraction joints at right angles to the axis. 
This has the effect of building the dam in a series of vertical columns 
each about 30 to 50 feet square. Keyways in the plane at right 
angles to the axis are vertical, while those in the joints parallel to the 
axis are horizontal and so shaped as to best present bearing planes 
practically normal to the lines of principal stress. These joints were 
first used for construction convenience at Owyhee Dam at the sug- 
gestion of the late D. C. Henny. 

Both Boulder and Grand Coulee Dams are being artificially cooled, 
Boulder by refrigerated water and Grand Coulee with cold winter 
water circulated in pipes embedded in the concrete. After cooling is 
completed and full contraction has taken place the joints are grouted. 

Increasing the height of Hetch Hetchy Dam has presented the 
engineers of San Francisco with one of the most difficult problems in 
dam construction and design. After exhaustive stress analysis a 
plan has been adopted whereby the concrete of the enlarged dam, 
to be bonded to the present dam, will be formed to leave an open 
joint several feet in width with elaborate provision for shear keyways. 
This joint will be filled with concrete after the new concrete in the 
downstream enlargement has been artificially cooled. The down- 
stream face of the old dam was stepped at each day’s pour. The 
new concrete will be bonded to the old by 14-inch steel bars embedded 
in the old concrete approximately normal to the downstream face 
of the dam. In addition, complete drainage is being provided 
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Earth dams 


Vast improvements have been made in the design and in the 


technique of control of placing earth in rolled filldams. Outstanding — 
work in this particular was done by Mr. R. R. Proctor on the Bouquet — 
Canyon Dam, which has previously been reported to the Association. 


Two very large dams are now being constructed in the vicinity of 


Los Angeles under most competent laboratory and field control and 
supervision. The Cajalco Dam south of Riverside for the Metro- 
politan Water District of Southern California and the San Gabriel 
Dam No. 1 for the Los Angeles County Flood Control District in 
San Gabriel Canyon are each within an hour and a half drive from 
Los Angeles. 

Earth material research has been greatly stimulated by the recent 
investigation, design and construction of many earth dams through- 
out the country, including the Muskingum Valley and Santa Clara 
Valley Conservation District Dams. Laboratory studies have been 
directed toward compaction, percolation, shear, and other tests of 
the borrow-pit and foundation materials taken from the vicinity of 
the dam sites. Field compaction and penetration tests have been 
developed as aids to control of optimum moisture content and com- 
paction. The effect of earthquake shock upon earth dams is being 
investigated, including the effect of vertical acceleration. 

With the placing of over 20 million cubic yards in the first full 
season in the hydraulic filled Fort Peck Dam, this became the world’s 
largest earth-fill dam while only one-fifth of its one hundred million 
cubic yards had been placed. 


hor fill dams have received careful study by the engineers of the 
Los Angeles County Flood Control District, confronted with the 
necessity of extensive repairs on the badly settled San Gabriel 
Dam No. 2, and the necessity of a complete redesign of San Gabriel 
Dam No. 1 in order that this record high rock-fill dam may be con- 
structed from material locally available. In the redesign the body 
of the dam is being constructed as a rolled fill instead of large loose 
rock as originally designed. A distinct contribution has been made 
in the design of the rock-fill type of dam by replacing the usual 
inadequately supported concrete face slab by a relatively impervious 
earth fill upon which a rock revetment is placed to prevent erosion. 

A novel feature in construction equipment is the ‘“Delmag Frog,” 
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popularly known as “leaping Lena,’’ in use in compacting earth ij] 
adjacent to the irregular rock abutments at San Gabriel Dam No, 1. 
The equipment, weighing one-half ton,-is imported from Germany 
and operates by means of a single-cylinder, four-cycle engine at 
about 50 explosions per minute. Each explosion lifts the equipment, 
which falls at a new location on the fill. On this same job larger, 
heavier rolling tampers have been designed and their greater effective. 
ness and efficiency proven. 

In the writer’s opinion, there is still great need for further analysis 
and observation of the behavior of high, loose rock-fill dams during 
earthquake shock. Point contacts, already spalled to sustain maxi- 
mum dead load and water pressure, during earthquake shock may 
spall further under the increased intensity of stress and with further 
consolidation during such earth vibrations a material and rapid set- 
tlement of the rock-fill dam may result. Hone ey rhonda 
Hydraulic models 


Use of hydraulic models in the design of spillways, outlets, locks, 
fishways, and other hydraulic features is becoming universal on all 
large projects. Not only are models being used to check and to 
modify the office designs of hydraulic structures, and to determine 
their effect upon former river conditions below the dam and spillways, 
but they are also being used to check stream behavior during various 
stages of construction, including the effect of cofferdams, and river 
diversion upon the normal course of the river. A great debt is 
owed to the late John R. Freeman for his forceful contributions 
toward use of hydraulic laboratories and model testing. 

Practically no major dam spillways have been designed during the 
past year without the careful checking of analytical designs by model 
tests. Such studies have invariably resulted in improved design 
and usually in savings in cost. Several existing spillways of inade- 
quate capacity or behavior have been redesigned with the aid of model 
Construction plant and methods 

oa Construction methods have kept pace with improvements in 
materials and design. The increased size of many present-day 
projects has brought forth new and efficient large-capacity equipment 
for rapid mass production in the handling of earth, concrete aggre- 


gates, and other materials. 
___ All-steel concrete aggregate storage and mixing plants with radial 
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position of three or four mixers discharging into a common hopper | 
are coming into general use in place of the former in-line arrange- 
ment. Automatic weighing batchers with automatic recording of A x 
the weight of each kind and size of material going into each batch, — 
the time of mix and its plasticity, are matters of further refinement __ 
on the larger jobs. Advance even since Boulder Dam concreting us : 
plants, as evidenced at Grand Coulee and TVA projects, is . 
remarkable. 
The importance of properly graded sands has brought about sepa- 
ration to two or three sizes of sand with re-blending prior to batching. _ 
Straight-line excavation, crushing, screening, and storage of — 
aggregates, including concrete batching plant and final placement of | oe 
concrete, has been a substantial factor in reliability, speed and 
economy of large dam construction. The large conveyor systems for 
handling excavation spoil, concrete aggregates and other materials 
at Grand Coulee Dam exemplify the strides made in construction — 
equipment. 
At Wheeler Dam, floating construction plant is being used. At 
Grand Coulee Dam hammerhead cranes on steel trestles incorporated 
in the dam are used in placing the 34 million yards of concrete in the 
lower portion of the dam now under construction. When the canyons 
are not too wide, the overhead cableway with fixed or rolling head 
towers and rolling tail towers remains the preferred equipment for 
placing concrete in large dams with bottom dump buckets. 
In foundation excavation, particularly at inaccessible locations, 
the use of hardened renewable bits for hard-rock drills is in wide 
favor. 
On account of the scarcity and high cost of water along the desert 
sections of the Colorado River Aqueduct, air washing has been used 
extensively in eliminating a general excess of fines and dust in the 
concrete aggregate. : 
Further advance is being made in all types of pipes, frequently __ 
giving the engineer an opportunity of securing competitive bids on 
two or more classes of pipe for the same location and purpose. 


- Centrifugal pipe is being produced in sizes from 3 to 36 inches in 
diameter. This is both smaller and larger than that heretofore 
available. 
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Competing with larger centrifugal, steel and concrete pipe jg 
high-strength cast iron pipe having a unit strength of 23,000 pounds 
per square inch. It is likely that further advance will be made in the 
development of even higher strength and tougher cast iron for use jn 
large water pipe. 

Material progress in the use of this cement-asbestos product has 
taken place during the past year. Many municipalities and water 
companies have laid a considerable footage in smaller sizes in order 
to become familiar with this recent competitor of cast iron, steel, and 
concrete pipe. 

Electrically welded pipe pani the shielded arc process has almost 
entirely superseded riveted pipe except for occasional riveting of some 
circumferential field joints. For larger, more important pipe lines, 
flange or structural quality steel plate is generally used. Pipes up 
to 11 or 12 feet can be transported by rail and are generally fabricated 
at the shop in 20- to 40-foot lengths. The use of X-ray equipment 
instead of coupons cut from the pipe is becoming more frequent as 
more shops are being equipped for its use. 

Shop stress-relieving is frequently specified on the larger, more 
important pipe lines, but local field stress-relieving has been im- 
practical and has been detrimental to the pipe. Design and use of 
steel] stiffener rings on larger pipe is better known. 

At Boulder Dam steel pipe penstocks of unprecedented size and 
thickness were fabricated in a special field shop. Diameters up to 
30 feet and thicknesses of high-strength carbon steel plates up to 

¢ inches were used. Heavy coated electrodes were used and each 
layer of weld was thoroughly peened before additional layers were 
deposited. All welded joints were X-rayed and all pipe stress re- 
lieved by annealing at 1100° to 1200°F. The Bouquet pipe line of 
the city of Los Angeles was similarly X-rayed, and annealed. The 
Boulder penstocks are built without expansion joints and are pre- 
stressed in compression so as to reduce or eliminate tensile stresses 
in the pined joints. 

Greater attention is being given to protective coatings for both 
cast iron and steel pipe. The Hetch Hetchy pipe line was perhaps | 
the first important pipe line to be WERBEOD § eiead 4 to 1 inch of con- 
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crete. 
of slightly greater thickness. Greater attention is being given to the 


particular corrosiveness of the soil where the pipe lines are to be 2 " 


located and to the corrosiveness of the water to be transmitted in 
the pipe. 


In general, filled asphalts and coal tars are being used for interior ~ i 


of steel pipes. The centrifugal process is sometimes used to secure 
even distribution of a greater interior thickness of bituminous or | 
cement interior coating. Electrical resistance methods have proven A ey 


Other steel pipe lines have their exterior protected by gunite , a 


effective in locating thin or porous spots in bituminous pipe coating. oa Buk 


Exterior surfaces of exposed pipe lines are now generally given a an 
final coating of aluminum paint to decrease temperature stresses. 


The aluminum paint is preceded by red lead or bituminous primer a @ E 


Bituminous coated pipes to be placed underground are frequently ra 
given a coating of whitewash to diminish temperatures of pipe during 
‘shipment and storing before installation as protection to the bitu- — 
-minous ¢ oating. 


than 40-year life of subaqueous iron pipe beneath San 


B rancisco Bay has led the city of San Francisco to adopt ¢-inch steel 
‘pipe incased in 6 inches of concrete and lowered in 120-foot sections — 
on toa pile ims ore a maximum of 70 feet below water. F wa Ee 


A substantial saving in cost, as Sictioms to cast iron flexible cola Se 


pipe, was obtained in competitive bidding. ae 


Concrete pipe 
The Los Angeles County Sanitation Districts are constructing an — = 
ocean outfall of 60-inch reinforced concrete pipe with flexible ball 
and socket subaqueous joints of meehanite cast iron rings. 
What is believed to be the most extensive use ever made of large- 
diameter precast concrete pipe is being undertaken in connection 
with the distribution system of the Metropolitan Water District of _ 
Southern California. Contracts have been let for more than 25 ~ 
miles of precast concrete pipe having inside diameters of 10 feet 3 
inches to 12 feet 8 inches. 


This pipe is being cast in vertical steel fey | 


molds and the concrete worked by rotating deformed steel bars = 


extending to the bottom of each 12-foot section. -, 
Reinforced concrete siphons both of cast-in-place and precast _ 
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struction work in the Aqueduct and distribution system. Test 
specimens of actual pipe sizes which later became a part of the 
aqueduct were built for both types. The investigation covered the 

suitability of the design, the stress distribution, and the construction 
ag control and difficulties. 

Studies of hydraulic action and the measurement of losses in the 
transition models for double-barrel siphons resulted in a cheaper and 
much more efficient type of transition for which there was no pree- 
edent. 


Canals and conduits 


In the field a number of interesting developments have been made 
“9 by both the Metropolitan Water District and its contractors in 
construction methods for canals, cut-and-cover conduit, and tunnel 
lining on the Colorado River Aqueduct. A machine traveling on 
steel rails accurately set to grade trims the open canals to finish 
_ grade and another machine following deposits the concrete in even 
_ thickness for the entire canal section in one monolithic lining, in- 
cluding the 14 to 1 slopes. 
Placing of concrete in the desert areas presented many problems 
which were solved with considerable research and experimentation. 
As a result no concrete is being placed in the desert region during the 
‘summer months. It has been determined that the most effective 
‘means of curing consists of two coats of coal tar cut-back, sprayed 
on all exposed surfaces. In order to overcome the objectionable 
temperature rise in concrete from the sun’s rays, two coats of white- 
wash are applied over the coal tar; this practically halves the daily 
temperature variations in the surface of the concrete. 


Better effiticndies are bese obtained through more careful and 
improved design of impellers and volutes through the whole field. 

he efficiencies especially for pumps 8 inches and larger are getting 
lose to the maximum obtainable, as high as 90 percent, leaving little 
room for improvement. 

Higher specific speeds are used in general with satisfactory results, 
wherever proper precautions are taken to have suction conditions 
‘permitting the pumps to operate within cavitation limits through the 
whole operating range. 

Two pole speeds r.p. m. for and 
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r.p.m. for 50-cycle) are generally used for high head multistage or _ 
medium capacity high head single-stage pumps; about 2,000 gallons 


per minute, 400-foot head, with zero suction lift per stage, is an Es 
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example of a reasonable limit for 3600 r.p.m. speed. ae 
Small single-stage units up to 40 or 50 horsepower and 4-to6-inch = 

size, and two-stage pumps up to 2- or 23-inch size, are being built : 

with the pump on the motor shaft. These units eliminate possible 


misalignment, have only one stuffing box, good efficiency, and when Bri 
pumping clear water give satisfactory service at low initial cost. 


Deep-well pumps 

Lately developed deep-well pumps give bowl efficiencies. com-_ 
parable to the best horizontal pumps of similar capacity. Hollow _ 
shaft motors are standard drive. Impellers open on the lower side 
are coming into more general use, owing to the possibility of bringing aed 
them up to the original efficiency by adjustment, in spite of some Bat Ry 
wear. More attention to use of non-corrosive combinations of — 2 
metals for particular waters and the use of porcelain-lined bowls — 
and impellers are being adopted. Lads 


tage 
High-pressure small capacity pumps : 


High-pressure vertical centrifugal pumps are ab applied in © 
fields where they were not even considered before. One firm reports _ 
a 54-stage unit for 20 gallons per minute against a 2400-foot head — 
with 55 percent efficiency. The new pumps for Grand Canyon in 
two cases, each 14-stage, show 160 gallons per minute against a 3500- — 
foot total head at 70 percent efficiency. | 
Colorado River Aqueduct pumps 
The Metropolitan Water District of Southern California in co- © 
operation with the California Institute of Technology has constructed — 
an hydraulic testing laboratory at the Institute primarily for the © 
investigation and selection of the most suitable pumping equipment | 
for the unprecedented pumping problems of the Colorado River | 
Aqueduct, where 1600 cubic feet per second, or more than one © 
billion gallons per day, are to be raised more than 1600 feet in 5 © 
pumping lifts with single-stage vertical 200-second-feet capacity — 
pumps driven by synchronous motors. Average lifts of individual _ ee 
units will vary from 150 to 450 a t, and motors from 2900 to 8600 oe ae 
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The laboratory has facilities for testing model pumps at heads ag 
high as 600 feet, speeds up to 4,000 r.p.m., and horsepower as high ag 
450. In flexibility, precision of measurements, and rapidity of test. 
ing, it is unequaled as far as can be ascertained by any existing 
test plant. New instrumental techniques have been developed, 
notably for investigating interval velocities and conditions producing 
cavitation. 

Research conducted for the past year and a half in codperation 
with leading pump manufacturers has demonstrated that pumps of 
higher heads per stage and higher rotative speeds than have hereto- 
- fore been considered practicable can be safely adopted for the Col- 
orado River pumping plants. Models of such pumps recently 
tested have shown efficiencies believed to be higher than hitherto 
obtained for pumps of comparable size and specific speed. Efficien- 
cies up to 92 percent are indicated by model tests. An estimated 
- gaving to the District in pumping plant costs of nearly one million 
dollars has been made possible by adoption of such pumping equip- 
- ment, which would not have been possible without the information 
gained by the laboratory research. und sve 


CONCLUSION 


The unprecedented public works projects have made possible 
coérdinated planning of river systems, exceptional opportunities 
for research in materials and design, and the development of earth- 
and material-handling equipment, and other equipment, of great 
magnitude and efficiency. Later and lesser works will continue to 
benefit from engineering progress thus made. intod 
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Oped, - THE PAST YEAR IN THE DISTRIBUTION FIELD 
UCing By W 

y W. BrusH 
ation (Editor, Water Works Engineering, New York, N. Y.) yeaa 
ated A review in the water works field should properly include not alone a 
— actual happenings or changes but also trends. The water works 
Cok industry is one in which the changes generally take place slowly due 
a in part to the conservatism of the water works operators and designers 

0 


and in part to the character of the equipment used and the work 
performed by such equipment. 


llion DISTRIBUTION 

ip. Seventeen-foot Tunnel for New York: From the point of size and cost 

tion of construction, the most outstanding event in the distribution field 
during the past year has been the putting into use by the City of New 
York of the new 17-foot delivery tunnel. The construction of this 

; tunnel was started some eight years ago and for nearly two years after 

ible the tunnel was constructed, its completion was held up due to the lack 

thes of funds on the part of the City to purchase the valves for the con- 

a necting shafts which cost about one million dollars. The total cost 

eat | of the tunnel is approximately $58,000,000. 

to The tunnel starts at the Hillview Reservoir, just north of the north- 


erly line of the City of New York and extends in rock for twenty 
miles to the terminal shaft in the Red Hook section in Brooklyn. 
_ This tunnel is the second delivery tunnel connected with the Catskill 
system, the first tunnel starting at Hillview Reservoir with a diameter 
of 15 feet and decreasing in diameter progressively until at the lower 
end of the section running from Manhattan to Brooklyn, the diameter 
is 11 feet. The old tunnel has been called upon to deliver water at 
the rate of some 600 m.g.d. and the new tunnel, which is 17 feet in 
diameter for its entire length can, of course, deliver a greater quantity 

of water with the same loss of head. It has a prseree ay apt of 
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In the distribution pipe field, cast iron continues as the generally 
material, steel, reinforced concrete and transite 
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have been used in numerous installations. There does not appear to 
be any particular change in trend in this field. 

The Sectional Committee on the preparation of specifications for 
cast iron pipe and fittings which has been engaged on this work for 
the past ten years has progressed to the point where it is anticipated 
that a specification for the pipe will be available within the coming 
year, together with a report on the vast amount of experimental and 
investigational work that has been carried out under the direction of 
the Committee, and a schedule of pipe and fittings giving dimensions 
and tolerances. Thomas H. Wiggin, Consulting Engineer, New 
York, is the Chairman of this Committee. 


VALVES 


The Allis Chalmers Manufacturing Company of Milwaukee, Wis,, 
reports that in connection with the new Milwaukee water purification 
plant it is furnishing five suction butterfly valves 54 inches in diameter 
and two that are 24 inches in diameter. Four 60-inch butterfly 
valves are also being placed in the distribution system. The more 
extended use of the butterfly valve seems to offer very decided possi- 
bilities in the way of prompt shut-down in the case of a break or other 
happening to the distribution system, the operation of the valves 
being accomplished with a minimum amount of energy applied. 

While there have been no radical changes in the installation of 
valves while the main in which the valve is inserted is kept under 
pressure, the A. P. Smith Manufacturing Company, East Orange, 
N. J., reports that it has inserted three 30-inch horizontal valves 
under 90 pounds pressure in the 30-inch lock bar steel pipe for the 
Atlantic City water supply. This installation was noteworthy due 
to the problem of cutting through the double lock bar and subse- 
quently making the connection between the valve and the pipe tight, 
which is stated to have been accomplished successfully. This Com- 
pany reports that it has developed a machine so that connections to 
pipe lines under pressure can be made at an angle of 45 degrees 
whereas heretofore only 90-degree connections were available. A 
cutter that will make a 42-inch tap has been successfully used in 
making a connection of this size to a 60-inch cast iron pipe at Atlantic 
City, N. J. 

The cleaning and lining of pipe in place is not a new subject for 
distribution systems, but some noteworthy advance has been made 
during the past year as shown by the work done in connection with 
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the Wanaque 48-inch riveted steel pipe line for Newark, N. J., where 
the pipe was cleaned mainly by the use of pipe cleaning machines 
and a cement lining applied to the pipe while in place. This work is 
described in another paper, but it is interesting to note that after the 
cement lining was put in place the test showed that the carrying 
capacity of the pipe was over 10 percent higher than when the pipe 
was originally laid some forty years ago. 

A device for locating hidden pipe has been developed on a different 
principle from that involved in the usual electric pipe locater. §. C. 
Hoare, Meter Instrument Engineering Department, of the General 
Electric Company, West Lynn, Mass., uses a magnetic needle 
mounted as a surveyor’s compass with an adjustable bar magnet that 
is used to reduce the control effects of the earth’s magnetic field. 
In this manner, the needle is made much more susceptible to the 
magnetic disturbance produced by the pipe. When using the device 
it is advisable to have electric current passing through the pipe, al- 
though that is not essential. This form of detector can be used 
also to determine the depth the pipe is below the ground. 

Equipment for locating leaks in underground pipe and fittings, 
which employs radio devices, has been developed recently by H. C. 
Nutting, of Cincinnati, Ohio. The set is not unlike a public address 
system, for it includes a microphone, amplification stages and power 
supply (batteries). The operator hears through head phones the 
vibration in a main or service caused by escaping water. Provision 
is made for controlling the loudness of the sound. 

In making the survey, noise readings are first taken on valve stems 
and fire hydrants. On hearing a leak, the volume control of the 
apparatus is turned back until the leak is barely audible. The posi- 
tion,of the control is then recorded. Readings are taken over a 
specified distance and the figures recorded are plotted on a map. 

A study of the map and data enables the crew to determine the 
approximate locations of leaks. A more detailed survey of such loca- 
tions makes it possible to mark on the pavement the spots at which 
digging for leaks should be done. Of course, successful work requires 
skill on the part of the instrument operators. 

The trend is noticeably toward providing storage, usually of the 
elevated type, in various parts of the distribution system so as to 
equalize pressure, increase the efficiency of pump operation, and de- 
crease fluctuation in pressure. More and more attention is being 
given to the design of elevated tanks from the viewpoint of appear- 
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ance to minimize the objections that are usually raised when a tank 

is placed in a neighborhood, especially of a residential character, 
Advances have been made in the control devices for elevated tanks 
so that automatic delivery to and from the tank can be more depend. 
_ ably made and a record registered for the operator located at a dis. 

point. 

C. W. Smedberg, Director of Public Works, Greensboro, N, 
reports the successful use of a lock on a meter box cover which was 
designed by the Ford Meter Box Company. The lock was designed 
to prevent covers being left open with the resultant injuries to per. 
sons, several claims having been made by the persons who alleged 
a _ that they were injured in this manner. ‘The lock is one that may 
= oe readily be attached to an existing lid, the cost of the lock installed 


averaging 69 cents each. It is reported by the meter readers that no 
additional time is required when reading meters due to the presence 
of the lock. 

In the meter field from the operating side, there is a definite trend 
- toward more accurate registration of meters and setting up of tests 
that will indicate more definitely the limits of accuracy of the meter, 
_ A. T. Cook, General Superintendent, and Engineer, Passaic Valley 
_ Water Commission, Paterson, N. J., reports a meter testing machine 
that was developed by Mr. Cook and James E. Williamson, New 
_ York, who constructed the machine. This machine operates electri- 
- eally and permits meter tests to be run very much more efficiently 
- than with the ordinary machine. By throwing a switch, the test is 
started and automatically stops when the quantity of water to be 

passed through the meter or meters has been delivered. 
To facilitate the testing of meters in small plants, the Ford Meter 
_ Box Company has designed a portable testing tank which operates 
on the volumetric principle and makes available a simple device to 
be used in testing meters.§ 


od adt lo avorsy oi hom 


a 


4 
a 2 
3 
é: 
aT; 
= 
ys 
fey 
> 
= 
Cr 
4 
= 


‘The Virginia State Board of Health prepares weighed samples in | 
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AND HEARD IN THE FIELD, KINKS, 


GADGETS, IDEAS 
By F. E. 
(Research Director, Activated Alum Corporation, New York, N. Y:) 


5 By fastening a mason jar top on the end of light pole and drilling 
holes in the cap, samples can be obtained in a hurry and conveniently. 
Just screw the jar into the cap and push down into the water. 


Smith of Richmond saves money and handling on ammonia by 
using ton ammonia containers. ‘This is the first time this has been 
used and is very satisfactory. 


STANDARDIZED STOCK SOLUTION CHEMICALS FOR JAR TEST fi ¥ 


vials of stock chemicals such as: alum, activated alum, lime,sodaash 
—for making jar tests. These weighed samples when dissolved in _ 
100 ce. of distilled water give stock solutions ready for work without | 
the trouble and inconvenience of weighing them at the plant. Avery _ 
good idea—especially in small plants. 


Weights and equivalents it 


NEW WATER WORKS COAGULANT USED IN SEWAGE TREATMENT 


1.634 grams in 100 cc.—1 cc. equals 1 g.p.g. per quart 
pag: 0.408 gram in 100 cc.—1 cc. equals } g.p.g. per quart a 
eee 0.817 gram in 100 cc.—1 ce. equals $ g.p.g. per quart eA 


The new waterworks coagulant, Activated Alum, is finding a new 
field of usefulness in the coagulation of highly buffered solutions, such =—|T 
as, domestic sewage, successful application in Liberty, N. Y. and 
Perth Amboy, N. J., the only places tried to date. 


MAGNETITE FILTER Je vab 
Interesting work is under way at Portland, Maine on the use of 
high rate filtration through a bed of magnetite ore of varying sizes. - 
The application looks practical and should prove economical to cities 
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‘2 which have eienaie supplies and require a higher degree of purj. 
fication without necessitating a filter plant. The high rate of filtrg. 
tion and the automatic features of the unit, such as, washing on its 
own loss of head, will be worth studying. 
This will be a new step in filtration practice if shown to be suitable. 


NEW TRAVELING LABORATORY TO STUDY COAGULATION, TASTE 
AND ODOR CONTROL 


An interesting new piece of laboratory equipment is the recently 
developed stirring machine build for Activated Alum’s Traveling 
_ Laboratory consisting of tachometer control stirring arms with un- 
usual speed range of 4 to 100 r.p.m.; designed by Bingham of Rich- 
mond and built by Phipps & Bird. 
A traveling laboratory built by Activated Alum contains the latest 
ee equipment especially designed for coagulation work: electric eye 
_ turbidimeter, odor apparatus, tachometer veges machine, new floe 


detector, new disc filters, etc. natin thy » 
METHOD OF REMOVING SCUM FROM SWIMMING POOLS 


a = Germond of W & T in the metropolitan New York district has 


devised a means of removing scum and foam from swimming pools 
a without flooding or hosing them. A piece of cheesecloth a few feet 
longer than the width of the pool is fastened to two long sticks similar 
to a seine, a stick at each end; two pool attendants walk down oppo 
_ site sides of the pool and seine the floating material off in one opers- 
- tion—very satisfactory—could be used to remove foam from filters 


which are airbound, if need be. 
he. 

Pits, REMOVING COLOR FROM SALT WATER 


At the New Rochelle, N. Y. Yacht Club the swimming pool water 
7 rere from Long wae Sound has been treated | this year with 


iia WATER SAMPLES 40 MILES TO CHECK RAW WATER CONDITIONS 


_ With the cooperation of the railroad attendants, a sample is taken 


.. : each day of the river water 40 miles above Richmond and placed on 
one of the trains coming down and dropped off at the plant which 


adjoins the railroad, 
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MAKING AN ABANDONED RESERVOIR PAY DIVIDENDS 


Drake at Buffalo is converting an old reservoir into a municipal 
stadium which is expected to be a paying proposition. This is a good 


idea for other cities. 
‘ Sng 992 


RADIO PHONES IN WATERWORKS PRACTICE 

Again from Buffalo comes another practical application of modern 
practice in other fields—the use of radio phones to overcome troubles 
caused by ice in the intake—telephone service was unsatisfactory. . 


REMOVING IRON BACTERIA FROM SMALL WATER MAINS 9 


Brown at Stockton, California uses an air compressor to force the 
water out of a 2-inch main, then flushes with water and again with 
air. This type of treatment has greatly improved the dead end 


conditions combined with iron bacteria which existed. 


CHECKING RESULTS IN CORROSION CONTROL | 


Many methods are now in use to determine the proper method of 
treatment for corrosion control. Some investigators favor pH ad- 
justment, others an alkalinity ratio bordering on causticity. Re- 
gardless of the method adopted a good control method is the use of 
two quart Mason jar samples of treated water in which rusty nails 
are placed, only by using nails which are rusty. aera ee 


bi PREPARING ODOR FREE WATER AOITATIDAND 


Hoover, of the Columbus, Ohio, Water Softening Plant, uses a very 
simple and effective method of preparing odor free water for odor 
determinations. Water from a spring or well which is free from odor 

_as is naturally possible is secured in glass containers and boiled for 
fifteen minutes and cooled before using. The writer had the oppor- 
tunity of being present during a series of odor experiments and be- 
 lieves this a most valuable way of producing odor free water. 
PUBLIC RELATIONS POINTS 
At the Fort Pierce, Florida, Water Plant, Superintendent Gahn 
oe has a very attractive sign reading ‘‘Welcome” at the plant entrance. 
As you enter the plant there is a small detachable sign bearing the 
- operator’s name who is on duty at the time. The welcome sign makes 
visitors feel at home and the operator’s name on the small sign creates 
a good impression. 

Mervice Corporation, was fOr 
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At —_—_s n, Md., Superintendent Heard has placed a glass 
enclosed water meter on the influent side of a Kelvinator water cooler, 
This cooler is located in the main room where the water bills are paid, 
Each time a customer takes a drink of cool refreshing water he can 
see the inside workings of the water meter move. He can, therefore, 
better understand why he is paying possibly a high water bill. This 
is a good public relations point, because a cool drink of water is always 
refreshing and especially helpful when paying water bills. 

A box for depositing ideas for employees of the Hackensack Water 
Co., New Milford, N. J. has resulted in many worthwhile suggestions, 
employees being compensated according to the value of the suggestion. 


HAND BLOWER FOR DISPLACING AIR FROM OLD MANHOLES 


- Manager Cranch of the New Rochelle, N. Y. Water Department 
has converted a hand forge blower to supply air to old manholes thus 
eliminating the danger for workmen in these manholes. <A water- 
proof cloth tube transmits the air from the blower. The unit is 
portable. 


Maintenance Engineer Heckmer of the Washington Suburban Dis- 
trict uses ground cork in ordinary paint to prevent sweating on pipes 
—very effective. 


COAGULATION CONTROL IN COLD WATER FLOOD CONDITIONS © 


Supervising Chemist Simonton of Griffin, Ga. Water Department, 
used a mixture of carbon and alum to improve coagulation conditions 
during the bad water condition which accompanied the Georgia sleet 
storm this year. This was in the form of double coagulation having 
mixed the alum with the carbon, feeding from dry feed machines, 
This proved very effective in producing a settleable floc. ively 


ADJUSTABLE ORIFICE FOR CHEMICAL SOLUTION CONTROL 
Lyles at Tampa, Florida, places a rubber stopper with a hole in it, 
inaunion. By tightening the union the rubber compresses and re- 
stricts the flow—much easier than changing orifice discs. 


A most satisfactory paint for cement walls is DUCO, suggeste 


Prof. Carpenter of New York University. 


PAINTING CEMENT WALLS 
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CHECKING COAGULATION EFFICIENCY = | 


One good method of determining the efficiency of the applied 
chemicals is to take a sample of coagulated water at the same point 
in the basin intermittently into the laboratory and filter through 


ovle 


CLEANING CHROMIUM PLATING 


Kerosene and flour as a paste is a most effective mixture for clean- 
ing chromium plating—used by Weir at Atlanta, Ga., Filter Plant, 


METHOD OF DISINFECTING SWIMMING POOL WATER 


An interesting procedure is used by Krumm at Allentown, Pa., to 
sterilize swimming pool waters. Alternate bags of high test hypo- 
chlorite (such as Perchloron or H.T.H.) and ammonium sulfate are 
fastened 3 feet apart on a rope and suspended across the swimming 
pool, held by two attendants. In each bag of hypochlorite and am- 
monium sulfate a small rock is placed to weight the bags. The 
operators walk along the sides of the pool dissolving the hypochlorite 
and ammonium sulfate. In this way a concentrated solution of each 
chemical is obtained and the result is chlorination with ammonia— 
chloramine treatment. 

READING TURBIDITIES WITH A MERCURY VAPOR LAMP ods 

Wallace and his staff at Detroit find the use of a mercury vapor 

lamp more effective in reading turbidities than other kinds of lights. 


DISCUSSION 


GrorGe D. Norcom (Consulting Sanitary Engineer and Chemist, 
New York, N. Y.): It is always interesting and instructive to listen to 
a paper by Fred Stuart because he has visited so many water works 
plants of all sizes and types. Mr. Stuart is to be complimented for 
noting and describing a great variety of ingenious devices and 
methods which have been developed by operators throughout the 
country. Not having had an opportunity to read Mr. Stuart’s paper, 
the writer will confine this discussion to a description of several in- 
genious devices which have been developed entirely upon the initia- 
tive of the plant engineer, chemist, or operator. ns 


> 


a 


Cre 


WATER PURIFICATION SLIDE RULE 


The late John Amos, Chief Engineer of the Rochester and Lake 
Ontario Water Service Corporation, was responsible for the invention 
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of a water purification slide rule which is particularly adapted to the 
treatment of Lake Ontario water. This slide rule has a conventiona| 
appearance, but it is designed to permit the rapid calculation of plant 
Operating data, including length of filter runs between washings, 
pounds per million gallons, grains per gallon and parts per million, 
_ This rule also indicates the average amount of alum necessary prop. 
erly to treat turbidities ranging from 0 to 600. — “eas 


ref) 2 4) 
CHEMICAL DRY FEEDER bere 


_ Another interesting device constructed by Mr. Amos consists of g 
chemical dry feeder for potassium permanganate which is scarcely 
6 inches in diameter and 12 inches high. This tiny machine is con- 
_ structed of miscellaneous homely water works materials, but is cap- 
able of very accurate manipulation and has been used successfully 
_ for many years in the application of the chemical to the raw water, 


BAYLIS RATE CONTROLLER 


___, Amumber of years ago the writer was impressed by a rate controller 
for experimental filters which was being used by John R. Baylis at 
MA 4 the Chicago Experimental Station. The principle involved was. an 
- orifice box in which was placed a float attached to a wooden lever arm, 
The chemical solution supplied from a larger tank was conducted to 
the orifice box by means of a flexible rubber hose which was passed 
over the wooden lever in such a way that when the float rose the 
rubber tube was compressed between wooden pinch blocks, thus 
- diminishing the flow to the orifice box. This principle is capable of 
- numerous modifications and has been used in all kinds of situations 
both as a rate controller and as a chemical feed apparatus. 
A refinement of the Baylis rate controller has been incorporated in 
_ the Brown hypochlorinator, which perhaps represents the “ne plus 
-_-ultra’’ of home-made chemical control apparatus. This device was 
developed by K. W. Brown of the California Water Service Company, 
and numerous installations are to be found among the plants of this 
- Company delivering carefully controlled chemical feed day in and 


ag “aa In an eastern well water supply it has become necessary to regulate 
--- pumpage in accordance with the concentration of total solids in the 
water, because these tend to increase in times of heavy draft due to 
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the encroachment of sea water into the wells. Continuous chloride 
titrations by means of silver nitrate proved both burdensome and 
difficult for the various operators, and in order to permit an instanta- 
neous estimation of the total solids content of the water at any time, 
the writer suggested a home-made conductivity apparatus. This 
apparatus has been devised by John Pember of the New York Water 
Service Corporation. The recording devices are neatly housed in a 
small portable wooden case so that the apparatus may be taken from 
one location to another without fear of breakage. The power supply 
for the instrument is taken from an ordinary lighting socket. This 
apparatus is provided with a voltmeter and milliammeter, and by 
establishing a constant voltage for any particular test the flow of 
current can be measured in milliamperes. The water to be tested is 
conducted in a continuous stream through a glass vessel in which a 
pair of platinum electrodes are immersed. ‘This outfit has been cali- 
brated by the laboratory so that a very fair approximation of total 
solids is possible, and by reference to another table the amount of 
chloride present can also be- estimated. 

At Port Costa the California Water Service Company uses a cule 
and Northrup continuous recording device for chlorides which permits 
the control of pumping so as to avoid excessive chlorides. emerrsss 
instruments for determining the mineral content of deep well water” 


have been adapted to this use by K. W. Brown. at 


COMPOSITE SAMPLING he value of « fiar- 


In the control of certain operations it is desirable to have a com- 


We aS sample for analysis which represents plant output over a period 


of anumber of hours. Where the composites have to be made up by 
~ manual sampling at a number of stations at the same time, it becomes 


7 an expensive operation to secure them. In a situation of this kinda 
continuous automatic sampler was devised which is performing very 
satisfactorily. In this case a small constant head box was con- 


structed and mounted so that its overflow would spill to waste. Near 


the bottom of this box is connected a tiny orifice of such a size that 
with the constant head maintained the stream delivered will fall — 
somewhat short of 5 gallons in 24 hours. Water from the pump diss 


charge is piped into the constant head box, and each 24 hours the he 


sample in the 5 gallon bottle is mixed and a suitable amount -_. D: 
drawn for testing, after which the bottle is emptied and replaced ro 
under the orifice for the next 24-hour run. ie 
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9 AUTOMATIC CHEMICAL FEED 


- The problem of applying a chemical solution automatically to the 
suction of a centrifugal pump drawing water from suction wells is a 
difficult one to solve. In this case it is necessary to stop and start 
the chemical feeding device automatically every time the service 
pump starts and stops. Among the more common arrangements for 
accomplishing this purpose is a chemical dry feed machine, the motor 
of which is synchronized with that of the service pump which readily 
permits the starting and stopping of the chemical feed with the pump, 
If it is also necessary to shut off the solution and the water feed, 
solenoid valves have been used, and on clear water they operate quite 
successfully, but they tend to become incrusted and rendered inopera- 
tive by such substances as lime water. Certain types of power- 
operated or bellows valves have given a somewhat better account of 
jo odt oldest of bas af abil 
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‘DISCUSSION 


Frank A. Barsour (Consulting Engineer, Boston, Mass.): The 
principal theme of the paper by Abel Wolman on “Some Recent 
Federal Activities in the Conservation of Water Resources,” in The 
Journal, September, 1936, is codrdination and the possibilities of a 
National Water Resources Committee to this end. If the results of 
these studies could be capitalized in actual works rationally selected 
by the present high-grade personnel of the Water Resources Com- 
mittee and if, before any more case method projects are started, the 
Committee could develop some general principles for the allocation 
of cost which would estop sponsorship based solely on political 
exigency—there would be less grounds for criticism of Federal control 
of water resources, but the Committee frankly avoids discussion of 
the broader aspects of the problem. Codérdination stops before the 
adjustment of State rights or the allocation of costs are reached, or as 
Mr. Wolman says “questions of administration and financing of 
projects will not be reported on in any detail since they involve 
problems of national policy which can be determined only after long 
discussion in the public forum.” 

Everyone will agree that hydrological data can best be gathered 
and coérdinated under Federal auspices; perhaps also more detailed 
studies of possible drainage area developments may prove profitable 
—but when all this is done, the situation will be left ripe and ready 
for political picking without any coédrdination of the value of a par- 
ticular project to the economic welfare of the country as a whole. 
The only checkmate on extravagant waste in public works is to 
have a substantial part of the cost drawn from an area close to the 
project and within the limited radius of economic visualization of 
the average citizen. The entire Merrimac Valley is in favor of an 
intercepting sewer to the sea—provided the Federal government 
pays 100 percent of the cost, but not one city will contribute a dollar, 
_ partly because their finances do not permit, but largely because those 
who best know local conditions know that the resulting betterment 
_ would not justify any increase in local taxation. 
we, In my opinion, therefore, the aspirations of the Committee— 
_ while beyond criticism, if the results could be rationally utilized— 
may encourage a continued extravagance in public works construc- 
_ tion, unless codrdination is extended to include consideration of the 
i effect of expenditures on the general economic well being of the 
country. 
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Again I deprecate the effect of further expansion of Federal cop- 
trol on the efficiency and morale of state agencies and on the every. 
day activities of waterworks men. I prefer to submit projects to 
the scrutiny of State rather than Federal authorities. Even in inter- 
‘state matters, I would prefer the decision of the Supreme Court to 
that of some Federal bureau. 

I am not so hot and bothered as some on the question of stream 
pollution. New England was built up on industries which involved 
the acceptance of some stream pollution and the welfare of numerous 
areas still depends on the continued acceptance of this condition, 
and this with a good health record. I have spent a considerable 
part of the last two years in Metropolitan District Water Supply 
cases involving claims of damage because of reduction by diversion 
of the stream flow available for dilution of manufacturing wastes, 
If all of these streams were cleaned up or if waste treatment were 
mandatory, the manufacturers would probably move elsewhere and 
the whole economic situation of the drainage area would change, 
In my judgment these problems can best be solved under local or 
state authority. In general, in my opinion, we have advanced as 
rapidly in sanitation as we could afford, and certainly this is not the 
time to set out on a general sanitary cleanup of the country. 

Particularly I am opposed to any more demonstration units, on a 
grant-in-aid basis without a predetermination of principles of assess- 
ing the cost. Fact-finding, data collection and codrdination, and 
investigational work is one thing; the construction of demonstration 
units under a grant which will carry with it commensurate Federal 
control is simply an expression of typical bureaucratic itch and a 
scheme for continued existence and expansion of Federal control, 
which, in my judgment, in the final outcome, is not in the best 
interests of the country. 
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DIRECTORY OF OFFICERS AND COMMITTEES OF THE 
AMERICAN WATER WORKS ASSOCIATION 


This directory, including the committees of the Association, is 
here published for the first time in the Journal. As explained in the 
Membership List, which was distributed as a supplement to ‘the 
September Journal, it is planned hereafter to publish this directory 
once or twice each year as may be desirable, and usually in the 
Journals for April and for October. The listing of officers is here 
repeated from: the front of the Journal in order to place it on record 
in the bound portion of the Journal. Separate reprints of this 
directory are available upon request at the Association headquarters. 

The listings here given are corrected up to October 1, 1936. 

The addresses of officers, and of committee members if they are 
members of the Association, may be obtained from the printed 
Membership List of the Association, September, 1936. For further 
information regarding the committees or their personnel refer to 
the office of the Secretary of the Association, 29 West 39th Street, 
New York, N. Y. 


WituraM W. President.................. June 11, to 
W. Brusu............ Freaauren, de June 28, ’29 to ’37 
DIRECTORS woudl arrod 
Frank A. BARBOUR......... ex-officio (past 5, "a2 tO “oe 
W. BrusuH......... ex-officio (treasurer)... .June 28, '29 to ’37 
F. Duaaer...... ... Virginia Section.. June 7, ’34 to ’37 
Linn H. ENstow........... ex-officio Comm, ). May 9, ’35 to 37 
Norman J. Howarp........ Canadian Section............. June 7, ’34 to 


WituiaM C. MABEE......... Indiana Section.............. Apr. 8, to 
Guy C. Norrurop.......... W. W. Manufacturers’ Ass’n. .Jan. 16, ’36 to 
Rocky Mountain Section......June 7, ’34 to 
MaLcotm PIrNIE........... ex-officio (W. W. Practice 

June 6, 730 to ’ 


Lzoy A. SMiTH............. Wisconsin Section.......... June 7, '34 to ’ 
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North Carolina Section........June 7, ’34 to 
Southeastern Section.......... June 7, '34 to °37 
Lewis V. CARPENTER....... Central States Section.........May 9, to 
Pacific Northwest Section .....May 9, ’35 to ’3g 

W. Horsor...... ex-officio (president) .......... June 15, ’33 to 
A. Krenug............ W. W. Manufacturers’ Ass’n. . Jan. 16, '36 to 
Tueopore A. Luisen...... ./ Missouri Valley Section. .....May 9, ’35 to °38 

ReEvEs J. NEWSOM......... New York Section............ May 9, ’35 to ’38 

J. ORCHARD........ New Jersey Section........... Jan. 16, '36 to ’38 
JOHN :J, QUINN... Kentucky-Tennessee Section...May 9, ’35 to 
Rosert 8. Weston......... New England Section......... May 9, ’35 to ’38 
E. Bassirr........ Illinois Section............... June 11, ’36 to 
H. Becxer........Four-States Section........... June 11, ’36 to 
ALi Pu Florida Section............... June 11, ’36 te ’39 
es Newson A. EckarRT......... California Section. ......... June 11, ’36 to 

Denis F. W. W. Manufacturers’ Ass’n. .June 6, '30 to '39 
al JosEPH M. Scumir........../ Montana Section..............June 11, 36 to ’39 
Lgonarp N. Tuompson..... Minnesota Section............4 June 11, ’36 to ’39 
 Jonn B. Section............ .June 11, ’36 to ’39 
ty 


is Terms of office expire on the last day of the annual convention. The exact 
date is not known until the date of the convention is fixed. ‘oan 
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Wiuupur M. Asst. to Secretary if 
Chief Abstractor hoi 
peor RupoupH E. THoMpson............. Asst. to Chief Abstractor 
MovRIEL MEISNER 

FINANCE AND ACCOUNTING DIVISION 
J. ALFEB.......... Secretary-Treasurer........... May 9, ’35 to '37 
Joun Murpocnu, Jr...... May 9, to ’37 

ag PLANT MANAGEMENT AND OPERATION DIVISION 
‘Tuomas J. SKINKER......... Vice Chairman. June 11, ’36 to '37 
Percy 8. Winson........... Secretary-Treasurer...........June 11, ’36 to '37 

= WATER PURIFICATION DIVISION 

June 11, ’36 to '37 
Wriiiam M. WAL.ace....... Vice Chairman............... June 11, 36 to 
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Cuarues R. Cox............ Secretary-Treasurer........... June 7, 
Aupert E. Member Exec. Comm.......... June 11, 
Maruew Braipecu......Member Exec. Comm.......... May 9, 
Cuaries G. HyDE........-. Member Exec. Comm.......... June 11, 
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Ernest L. H. Meyer, Trustee 
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NORTH CAROLINA SECTION 


C. E. Ruyne, President J.C. Martin, Vice President 
A. R. Houtert, Secy.-T reas. M. F. Trice, Ass’ Dir. 
E. D. Burcuarp, Past President .W asounW 
PACIFIC NORTHWEST SECTION 
A. H. Lassap, Chairman M. H. McGuire, Vice Chairman 
Frep MERRYFIELD, Secy.-T reas. W. P. Huaues, Ass’ 
Joun W. CunninauaM, Trustee Harotp D. Fowxsn, Trustee 
stom Ha 
ROCKY MOUNTAIN SECTION |. 
8S. Fox, Chairman sil? bag 
B. V. Hown, Secy.-Treas. C. Osporn, Ass’n Dir. 
D. D. Gross, Past Chairman MMOD. Batpwin, Trustee 
K. W. CaLpwELL, Trustee G. Coy, Trustee 
Ben Davis, Trustee J. P. Soperstrum, Trustee 
O. B. Sumner, Trustee 
SOUTHEASTERN SECTION 
J. E. Chairman Ruerr Prineie, Vice Chairman 
W. H. Weir, Secy.-Treas. W. H. Werr, Ass’n Dir. 
A. Cuinton DEcKER, Trustee £W.W. PornTER, Trustee 
C. P. TownsEnD, Trustee T. E. P. Woopwarp, Trustee. 
SOUTHWEST SECTION 
Greorce J. Rowan, Chairman Henry E. Nunn, Vice Chairman H 
Lewis A. Quia.LeEy, Secy.-Treas. Joun B. WINvDER, Ass’n Dir. 
R. H. Brooks, Trustee, Louisiana W.S. Trustee, Texas 
Bert SpRANGLE, T'rustee, Oklahoma A. H. Uturicn, Trustee, Arkansas 
VIRGINIA SECTION + 
S. L. Wituramson, Chairman A. L. Vice Chairman 
H. W. Snipow, Secretary Eugenes F. Duaaer, Ass’n Dir. 
C. F. Brneuam, Treasurer D. R. Taytor, Past Chairman 
H. B. Rice, Trustee _ Marspen C. Smita, Trustee 
WISCONSIN SECTION yaw 
A. P. Kuranz, Chairman §. Grurprzmacupr, Vice Chairman 


Leon A. Smitu, Secy.-Treas. Leon A. Ass’n Dir. 
A. H. Miuuer, Past Chairman C.. P. Gross, Director 
to 
COMMITTEES 
GENERAL COMMITTEES 
H.W 


4 EXECUTIVE COMMITTEE OF THE DIRECTORS 


W. chairman FRANK A, BARBOUR 


bie 


_ 
= 


OFFICERS AND COMMITTEES 


COMMITTEE ON WATER WORKS PRACTICE 4 


MALCOLM chairman Frank A. BARBOUR 

K. BLANCHARD G. CunnineHAM 

Witrorp W. James E. Gipson 

ArtTHUR E. GoRMAN GEORGE W. Pracy 

A. U. SANDERSON ABEL WoLMAN 


This committee is charged with general direction of all technical committee 

work of the Association and its Divisions and Sections, the establishment of 

all professional or technical standards and the preparation of material for the 

Water Works Practice Manual and its supplements. The sub-committees 
under this committee are listed under a special heading on a later page. 


wu 


- 

Linn H. Enstow, chairman T. vice chairman 
ABEL WoLMAN, editor Percy 8. WILsoNn, secretary 


E. Berry 
WILLIAM W. BrusH 


FRANK A. BARBOUR 
K. BLANCHARD 


Lewis V. CARPENTER Witrorp W. DEBERARD 
G. Gate Drxon wud Ross L. DosBIn 
Evcene Wituiam aM 


Harry E. Jorpan 
Samuet B. Morris wor 
Reeves J. Newsom 


J. ARTHUR JENSEN 
J. LAUTER 
Bren S. Morrow 


WaLTeR A. PEIRCE ts MALcoLM PIRNIE 

Hau F. Smiru M. F. Trice s20100 
NaTHAN T. VEATCH, JR. W. H. WEIR 

W. Vicror WEIR JoHN B. WINDER 

‘ovat 


This committee has control of all publications of the Association, including 
the programs of its conventions. 


CONSTITUTION AND BY-LAWS 2. .woame 


Ross L. Dossin, chairman F. DuGGER 
GeorGE H. FENKELL E. Gispson 
Harry E. Jorpan 


This committee considers and gives recommendations as to desired amend- 
ments to the Constitution or By-Laws of the Association. It also passes upon 
all new By-Laws, or amendments to the By-Laws, of Divisions and Sections 


of the Association. 
HONORARY MEMBERSHIP q 
Frank A. BARBOUR | 


W. chairman 
Harry E. JoRDAN 


It makes recommendations for elec- 
It usually is made up of the 


This is a committee of the Directors. 
tion to Honorary Membership in the Association. 
President and the last two past presidente. 


636 
1 J. A. W. A, 
_ 
4 
L 
pa 
Cy 
acy} 
> * 


28, NO. 10] AMERICAN WATER WORKS ASSOCIATION 1637 


THE JOHN M. DIVEN MEMORIAL MEDAL } 
emoitaio 


baa 


MaLcoLM chairman Apert E. Berry 
Louis D. Buum Linn H. Enstow 
W. 


This committee makes recommendation to the Directors as to the award 
of the Diven medal. It usually consists of the chairmen of the Water Works 
Practice and Publication Committees and the Past Chairmen of each of the 
three Divisions. 


THE JOHN M. GOODELL PRIZE 
W. Brusu, chairman Harry E. JorDAN 


Rospert SpurR WESTON 


This committee makes recommendation to the Directors as to the award 
of the Goodell prize. Each member serves three years. 


GEORGE W. FULLER MEMORIAL 


Artuur E. GorMAN, chairman T. CHEVALIER 
Tuomas H. Wiaain amad aol rasaH 

mart 


This is a temporary committee formed for the purpose of recommending 
the form of a memorial to be established in memory of Past President George 


vibaotd 199% laool lo 

to ine 


Representing the A. W. W. A. Representing the W. W. Mfrs. Aésn. 


| 
W. H. Werr, chairman Joun A. K1ENLE 
Paut HANSEN Denis F, O’Brien 
Percy S. H Martin F. 


This committee makes recommendation to the Directors as to the location 
and date of the Association’s annual convention. 


ods {3 16 seoqwgq ofT 
ai ban o CONVENTION MANAGEMENT) od? to 
Representing the A. W. W. A. Representing the W. W. Mfrs. Assn. 
K. BLaANcHarD, chairman INGLEE 
W. Brush Winuram J. ORCHARD 
ALAN D. DRAKE 
eventing Ex-oficio arvana) 


W, Horusut, Pres., A. W. 


Percy 8S. Witson, Acting Secy., A. W. 


asides Enstow, Chr, Publ, Comm. 
Epwarp T. Fisuwick, Pres..W.W.Mfrs. Assn, 
JoHN A. KIENLE, Secy., W. W. Mfrs. Assn. of bara 


— 


| 
of 
3 
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OFFICERS AND COMMITTEES [J. A.W. Wea, 


This committee is in charge of the management of all details of the Asso- 
ciation’s annual convention, except the program and the choice of location 


and date. 
sf 
PUBLICITY AND CONVENTION ATTENDANCE 


Cuar.es H. Eastwoopn, chairman idT > 
3 laboge saith 
The purpose of this committee is to promote attendance at the annua 


convention and to arrange local and general publicity for the convention and 
its speakers. 


Practica S28 mT The ant 


H. Eastwoop, chairman 


This committee is developing and_putting into effect a permanent and con- 
tinuous system for the increasing of Association membership. 


GENERAL POLICY 


Frank A. Barsour , chairman 


Ross L. DoBBIN, 


Harry E. Jorpan Denis F. O’Brien H osm 
MALcoLm PIRNIB GrorGE W. Pracy 


This is a temporary committee charged with the duty of formulating policies 
of the Association with regard to the field and extent of its activities, the 
development of Local Sections and a number of other broadly related and 
fundamental subjects. It is empowered to reorganize the headquarters staff 
to effectuate these policies. 


SECTION AFFAIRS 


Lewis V. CARPENTER, chairman Rotto K. 
Witrorp W. DEBERARD Ross L. DosBin 


mon 
Evucene F. 


in 


The purpose of this committee is to study problems arising in the conduct 
of the activities of the Sections, to recommend procedure and assist in securing 
suitable and uniform action on such subjects. 


WATER WORKS SHORT SCHOOLS AND LICENSING OF WATER WORKS 
EMPLOYEES 


Lewis V. CARPENTER, chairman Wi 1AM W. BrusH 
Wituram U. F. Goupry 
C. A. Hotmauist W. H. Weir 


This committee has been formed for the purpose of studying the action 
taken and contemplated in various states to license water works employees, 


and to assist in securing beneficial action along these lines. 


> 
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FEDERAL INCOME TAX Pion 
W. Bross, chairman F. DuGGER 


W. 


Taxation of the salaries of Municipal Water Works Employees and to take 
such action as may be considered advisable regarding it. 


NATIONAL WATER POLICY boxidayro 
WoLMAN, chairman Louis R. Howson 
Tuzopore A. LeiseN ~—sCOSavet B. Morris 


This committee is charged with the duty of observing the plans and actions 
of the Federal Government’s National Resources Board and its allied groups, 
and of representing the Association in any actions on subjects being considered 
by them. 
WATER WORKS PRACTICE 


UNIFORM MARKING OF FIRE HYDRANTS 


SrerHEeN H. Taywor, chairman W. 
Grores W. Pracy 


fire hydrants, by means of color, to indicate their discharging capacity. The 
committee is working in conjunction with the Maine Water Utilities Asso- 
ciation, the New England Water Works Association, and the fire insurance = 
and prevention organizations in this work. A final report was presented — 
and discussed at the 1936 annual convention. 
4 


CHEMICAL HAZARDS IN WATER WORKS PLANTS 


This committee’s purpose is to recommend a uniform system of marking = “a 


MarspeEn C. Smiru, chairman H. Enstow 
Arruur E. Ray F.Gouppy 


Norman J. Howard ——__ 8. Hurron 
WILLarp C. LAWRENCE WINFIELD S. MAHLIE 


This committee was organized to report on the best methods of handling _ 


chemicals used in water purification in order to avoid injury to personnel or 
damage to plant from their use, and to recommend methods of meeting difficul- 4 
ties which may arise in the handling of these chemicals. This committee’s _ can 

report on chlorine was published in the Journal, September, 1935, page 1225. ye 


A second report, on ammonia, was presented at the 1936 annual convention. fe 
Further work is contemplated. at 


of 
an 
A 
4 
30- 
on 
| en 
nd 
ies 
he 
nd 
aff 
| | 
5 


ai 
Nicnouas S. Jr., chairman CHARLES F. MBYERHERM, secretary 
M. WarREN COWLES Epwarp E. Minor 
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ELECTROLYSIS AND ELECTRICAL INTERFERENCE 


_ This committee has been working for a number of years on problems in 
connection with the electrolysis of water pipes, and recently in particular, 
on questions concerning the use of water pipes as a means of grounding elec- 
trical systems. Partly as a result of the activity of this committee there was 
- recently organized the American Research Committee on Grounding, listed 
- ona later page under Joint Committees. 


Cuinton L. Bogert, chairman James E. Gipson 
Reeves J. Newsom -Frep C. Scospry 
Tuomas J. SKINKER Rosert Spurr WestoON 


Tuomas F. 


Established at the suggestion of the New England Water Works Association 
this committee’s purpose is to codperate with that association in the prepara- 
_ tion of a report covering a wider geographic field than was covered in the report 
of the New England committee. This committee is not to carry on any 
independent research but will only review existing data. 


7 COMMITTEES ON THE MANUAL 


These committees were arranged and organized in order to prepare re- 
visions and additions to the Manual of Water Works Practice. As the projects 
undertaken by these committees are completed they will probably be. pub- 


lished separately in order to make them available at once. adnate 


COMMITTEE 1—BASIC DATA 98) 

Exson T. Kiniam, chairman = = BAKER 
ALBERT E. Berry R. Cox... , 


NaTHAN B. Jacoss FRANK C. JORDAN 


To consider and recommend procedure in the development of a program 
for the collection of water works data and statistics, and particularly to co- 
operate with the U. 8. National Resources Committee in their work on the 
same subject. 


Waten COMMITTEE 2—SURFACE WATER ALLOCATION 


to COMMITTEE 3—SURFACE WATER COLLECTION 
€OMMITTEE 4—GROUND WATER COLLECTION 
DaniEL W. Mean, chairman 


ALITY AND TREATMENT 
Paut Hansen, chairman Lewis V. CARPENTER, vice chairman 
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Fioyp W. Moutman, chairman M. Farr 
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The combined work of all divisions of this committee is now being prepared 
for early publication, probably as a separate book on Quality and Treatment 
of Water. 

H.W. Chapter I—Quality of Water Supplies 


Division A—Characteristics of Available Sources 


Gorpon M. Farr, chairman H. W. Srreerer 
Rosert SpurR WESTON 


Division B—Organisms in Water; Bacteria; Other Organisms; Characteristics 


Division C—Analytical Methods 


Jack J. Hinman, Jr., chairman SHEPPARD T. PoWaiit 


Division D—Standards of Quality 


Harry E. Jorpan, chairman R. C. BARDWELL 
A. M. BuswELL Gorpon M. Fair 
Ray F. GoupEy SHEPPARD T. 


Division E—Objectionable Limits of Pollution in Relation to Practicable Usabil- 
ity of Water for Water Supply Purposes 


Harry E. Jorpan, chairman H. W. Srreerer 


Chapter II—History of Water Treatment 


Moszs N. Baker, chairman 


5 Chapter III—Purification Occurring in Streams, Lakes and Reservoirs . 


_ Division A—Biochemistry of Streams, Lakes and Reservoirs with Special Refer- 
ence to Pollution and Self-Purification 


Frank E. Hae Witrrep F. LANGELIER 


F Division B—Purification and Other Effects of Lake Reservoir Storage 


Reservoirs, Including Sewage, Industrial Wastes and Recreational Activi- 
ties with Reference to Water Supply; Causes and Remedies 


a Division C—Characteristic Effects of Different Pollutions of Streams, Lakes and 


8 Division D—Preparing and Cleaning Reservoirs and Lakes Used for Water 


Supply 

Cates M. chairman Plate Pipe 

4 Chapter IV—Partial Treatment and Treatment Preliminary to Filtration — 
Division A—Algaecides 
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Division B—Aeration we gf 
4 7 ni 

Witrrep F. chairman Joun R. Bayuis 
Frank E. Hae 


Division C—Other Treatments for Removal of Tastes and Odors 


F. LANGELIER, chairman Joun R. Baytis 
Frank E. Hate 


Division D—Coagulants and Coagulation i; 


Joun R. Bay.is, chairman DonaLpson 


WILLARD C. LAWRENCE 


Division E—Sedimentation with the Aid of Coagulants 


Joun"R. Bayuis, chairman WELLINGTON DonaLDson 


C. LavrRENCE 


Division F—Prechlorination and Superchlorination 


Norman J. Howarp, chairman CHARLES R. Cox wOol. 4 
Linn H. Enstow nos 


Division A—Slow Sand Filters 


GrorcE E. W ILLCOMB, chairman CALEB M. SAVILLE L a 


Division B—Rapid Sand Filters 


WELLINGTON DONALDSON, chairman HANSEN 


Division C—Pressure Filters 
WELLINGTON DonaLpson, chairman Paut HaNsEN 


Navaan 
Manx 
Norman J. Howarp 


Division D—Drifting Sand Filters 


W 


Division E—Special Types of Filters Including Foreign Types Not Con 
in the United States 

Division F—Double Filtration 

GrorceE E. WILicoms, chairman Cates M. SAVILLE 


Division G—Filter Sand 


HANSEN M. WALLACE 
ri 
Division H—Filter Plant Control 
M. chairman Rospert W. FurRMAN 


WILLARD C. LAWRENCE H. W. Srreerer 


[J. A. We Wow. 
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Chapter VI—Sterilization and Prophylactic Treatment _ 


Sub-Ce: Se 

Division A—Chlorine 

. Howarp, chairman Linn H. ENstow 

Norman J noat .M 


H. W. STREETER 


in Naveming Division D—Iodine unl A 
Chapter VII—Softening, Including Correction of Corrosive Qualities 
Division A—Purpose and Value of Water Softening wal A 7 


Division B—Softening with Lime and Soda DW anol 


‘HARLES P. Hoover, chairman T. 


A 


Division D—Municipal and Industrial Practices in Water Softening _ 


Division C—Softening with Zeolites 


C. R. gs, chairman CuHARLEs P. Hoover 


SuepparD T. PowELu 


Division E—Correction of Corrosion 4 


Division F—Recarbonation row of 
Chapter VIII—Removal of Iron and Manganese 
Division A—Removal of Iron oda 
2 doidw, ap 
Rosert Spurr Weston, chairman Witrrep LANGELIER 


CuarLEs H. SpaAuLDING 


Division B—Removal of Manganese 
OW 


COMMITTEE 6—POWER AND PUMPING 
.W 


Frep G. CUNNINGHAM, chairman F. G. Gordon 
Witiram C. Rupp 
wai 
COMMITTEE 7—TRANSMISSION AND DISTRIBUTION | 


G. Gate Dixon, chairman 


wor A 
Sub-Committee 7-A—-Steel Plate Pipe 


P. Woop, chairman Frank A. BARBOUR 

Witu1am W. GrorceE H. FENKELL 
Witiiam W. Frep M. Ranpietrr 


va ¥ 


OFFICERS AND COMMITTEES J. A. W. 


LAWRENCE F. ALLAN (Repr. Canadian Sect.) 

W. L. McFautu (Repr. Canadian Sect.) 

Epwarp M. Proctor (Repr. Canadian Sect.) 

A. U. Sanprerson (Repr. Canadian Sect.) 

W. Reynotps (Repr. Florida Sect.) 

Setu M. Van Loan (Repr. Four States Sect.) 

GrorGceE T. Horton (Repr. Illinois Sect.) 

Turopore A. Lztsen (Repr. Missouri Valley Sect.) 

J. Sxinxer (Repr. Missouri Valley Sect.) 

W. Griswoip (Repr. New England Sect.) we 

Wiiram R. Conarp (Repr. New Jersey Sect.) 

W. A. Kuniax (Repr. Pacific Northwest Sect.) 

W. Cunninenam (Repr. Pacific Northwest Sect.) 

Dwiext D. Gross (Repr. Rocky Mountain Sect.) 
Joun J. Wiuson (Repr. Rocky Mountain Sect.) 

A. Cuinton Decker (Repr. Southeastern Sect.) 


Advisory Sub-Committee under Sub-Committee 7-A 4 


«se 


W. 8. Tomuinson (Repr. Southeastern Sect.) 
ALBERT R. Davis (Repr. Southwest Sect.) 
Frank M. Murpny (Repr. Southwest Sect.) 

RicHarD F. WaGner (Repr. Virginia Sect.) 


Sub-Committee 7-B—Reinforced Concrete Pipe 


Sub-Committee 7-C—Cast Iron Pipe 


The work which would ordinarily be undertaken by this sub-committee is 
being carried on by Sectional Committee A21, on Specifications for Cast Iron 
Pipe, Thomas H. ‘Wiggin, Chairman. This is a jomt committee organized 
under the procedure established by the American Standards Association and 
on which the American Water Works Association is represented. This com- 
mittee is listed under Joint Committees. 


Sub-Committee 7-D—Laying Cast Iron Pipe _ 
chairman Curnton L. Bogert 


WituiaM W. Ud Aw SAMUEL E. 
W. REYNOLDS : GEorGE G. ROUTLEDGE 
be Sub-Committee 7- -E—Valives, Sluice Gates and Fire Hydrants 
Wirram R. Conran, chairman WILLIAM FLANNERY 
Harotp W. Griswotp J. ARTHUR JENSEN 


FRANK H. STEPHENSON 
ats 


A new specification for Valves has been issued in tentative form. 
Work is proceeding on the new specifications for Hydrants. 


Sub-Committee 7-F—Service Connections and Meters 


James E. Gipson, chairman A. Day 


Sern M. Van Loan 
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Sub-Committee 7-G—Location Records and Maintenance of Mains and Services ; a2) 


Atpert S. Hisss, chairman Antuony R, O’ REILLY 
Tuomas J. SKINKER 


Sub-Committee 7-H—Steel Standpipes and Elevated Tanks 


Louis R. Howson, chairman NatHAN T. Veatcu, JR. 


The new specifications issued by this committee were published in the 
Journal in November, 1935. This committee, working in collaboration with —__ 
Sub-Committee 7-W, is now proceeding to amplify these specifications to a in 
include welded construction. 


2 Sub-Committee 7-J—Distribution Reservoirs 


Represe 
Sub-Committee 7-L—Fire Prevention and Protection ve 

Sub-Committee 7-M—Hydraulics of Distribution s stem 
Sub-Committee 7-T—Transite Pipe 3: 


CLARENCE R. KNOWLEs, chairman CLARENCE GOLDSMITH Hey i 
Witiiam D. Hurst C. A. McGinnis A 


Sub-Committee 7-W—Welding of Steel Standpipes, Elevated Tanks and Pipe ‘- 


W. chairman H. O. Hitt tions 
Grorce T. Horton J. O. Jackson wiateb 
J. P. Scuwapa 


This committee has been organized in order to collaborate with sub-com- = 
mittees 7-A and 7-H in extending the work of those two committees to include a rer 
welded construction. 7 

AREA re MOTOALICAW 


COMMITTEE 8—CROSS CONNECTIONS 


anowTTs 
E. SHERMAN CHASE, chairman J. WALTER ACKERMAN Prepon ao 


0. E. BROWNELL Joun CHAMBERS om 
Jort I. CONNOLLY AOKO. Eart DEVENDORF 
CuarLes W. Mowry. W. ReyYNoups 
R. E. Tarserr CHPTAM THIS you" 


WATER PURIFICATION DIVISION COMMITTEES 


SPECIFICATIONS AND TESTS FOR WATER PURIFICATION CHEMICALS 


Maruew M. chairman R. C. BARDWELL 
Warren A. KRAMER WINFIELD §, 


tar 
Grorce R. savers a , 


W. A. 
“HO, 


[J. A. WA 


This committee is preparing standard specifications for twenty-six of the 
_ chemicals used in water purification processes. See the Journal, April, 1934, 
page 532, for progress report. 


M. Brarpecu, chairman Luioyp C. ff 
F. WELLINGTON GILCREAS Neit KersHaw 
R. D. Scorr GEORGE R. SPALDING 


a ca Last progress report of this committee was presented at the Los Angeles 
convention, June, 1936. 


METHODS OF TESTING ZEOLITES 
CHARLES P. Hoovemr, chairman Jack J. Hinman, 


SHEPPARD T. 


A a : a _ This committee’s last progress report was published in the Jou rnal, Septem- 
ber, 1935, page 1178. 


PY 
METHODS OF DETERMINING FLUORIDES 


Ray F.Goupey M. Starr NICHOLS 


D. Scorr GLADYs SwoPrE 
tepatt This committee has been formed in order to perfect present laboratory 
i i methods of determining the fluoride content of water including particularly a 
comparative study of the Sanchis and the Elvove methods. Organized since 
the 1936 annual convention. 


_ A. P. Buack, chairman W. D. 


F. WELLINGTON GILCREAS, chairman J. F. T. BERLINER 
Harry A. FaserR H. H. Gerstein 

E. GRIFFIN Roserts HULBERT 
) 


JOINT COMMITTEES WITH OTHER ORGANIZATIONS a 


JOINT EDITORIAL COMMITTEE ON STANDARD METHODS FOR THE EXAM- 
INATION OF WATER AND SEWAGE 


American Water Works Association = 


Representatives of A.W. W. A.: Ds Representatives of A. P. H. A.: 


Organized since the 1936 annual convention. 


Harry E. Jorpan, chairman Artuour M. BusweELu 
WELLINGTON DoNnaLpson Joun F. Norton 1 
Wituram D. Suerrarv T. Power, 
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This committee performs the editorial work and makes all arrangements for 
the publication of the book ‘‘Standard Methods for the Examination of Water 
and Sewage.”’ An eighth edition of this book has just been issued. 


JOINT RESEARCH COMMITTEE ON BOILER FEEDWATER STUDIES 


American Boiler Manufacturers Association 

Association of American Railroads (formerly Amer. Ry. Engineering Assn.) 
American Society of Mechanical Engineers 

American Society for Testing Materials AUR 


American Water Works Association 


Edison Electric Institute 
Representatives of A.W.W.A.: 
Epwarp Bartow Weiineron DonaLpson ware 
CLARENCE R. KNOWLES  Sagpparp T. 
ABEL WOLMAN 


The general chairman of this joint committee is C. H. Fellows, Research 
Department, The Detroit Edison Co., 2000 Second Ave., Detroit, Michigan. 
The secretary is J. B. Romer, Chief Chemist, The Babeock & Wilcox Co., 
Barberton, Ohio. An executive sub-committee and nine technical sub- 
committees have been arranged. , 


iti 


. 
" American Water Works Association 


Edison Electric Institute 


{0 
Representatives of A. W. W. A.: 
M. WARREN COWLES NicHouas S; Hin, 
CHARLES F. MEYERHERM 


This committee has been formed in order to investigate and report upon 
the various questions involved in the grounding of electrical circuits on water, | ine 
gas and drainage piping. The general chairman of this committee is H, Ss. ae 
Warren, Bell Telephone Laboratories, 463 West Street, New York, N.Y. 
The secretary-treasurer is C. F. Meyerherm. The complete personnel of this 
committee may be obtained upon inquiry to the Secretary of the A. W. W. A. +e 


“American Public Health Association 
American Society of Civil Engineers 


ay 


the 
1934, 
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AMERICAN RESEARCH COMMITTEE ON GROUNDING 
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Representatives of A. P. H. A.: Representatives of A. 8. C. E.: 


B. PuHEtps, sub-chairman H. Burpetrr CLEVELAND, sub-chair. 
Sox Pincus man bag 
E. Tarserr O. E. BROWNELL 


Representatives of A. W. W. A.: 
(10178! 
"THORNDIKE SAVILLE, sub-chairman 
A Yo 


SamvuE. B. Morris 


This committee has been formed to recommend usage as to the definition _ 
and meaning of various terms used in the practice of water works engineering 
and operation. A general chairman has not been named. 
ts A. W. W. A. REPRESENTATIVES ON COMMITTEES OF OTHER : 


PUBLIC HEALTH COMMITTEE OF THE NATIONAL ASSOCIATION OF MASTER 
PLUMBERS 


Representative of A. W. W. A.: WE oT 


This committee was formed subsequent to the outbreak of amoebic dysen- 
tery in Chicago in 1933, and is considering problems in connection with plumb- 
ing as viewed from the public health angle. 


WROUGHT IRON AND WROUGHT STEEL PIPE, VALVES AND FITTINGS, 
STANDING COMMITTEE FOR SIMPLIFIED PRACTICE, NATIONAL BU- 
REAU OF STANDARDS, UNITED STATES DEPARTMENT OF COMMERCE j 


Representative of A. W. W. A.: oa 


Joun L. W. BrrKINBINE 


CONSTRUCTION LEAGUE OF THE UNITED STATES, REPRESENTATIVES ON 


THE LEAGUE ASSEMBLY 


Wittiam W. MaLcoum PIRNIE~ bor 
COMMITTEES UNDER THE PROCEDURE OF THE AMERICAN 
STANDARDS ASSOCIATION 


A21—CAST IRON PIPE AND SPECIAL CASTINGS, SPECIFICATIONS FOR 
Representatives American Gas Association 


American Society for Testing Materials 


American Water Works Association 
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Representatives of A. W. W. A.: m 
Tuomas H. WiaGIN, general chairman FRANK A. BARBOUR 
W. Wiuiram C. Haw.ey 


new standard specification for cast iron pipe and special castings to a a e% 
the present A. W. W. A. standard specification, and which will include cen- __ 
trifugal and other methods of manufacture as well as pit cast pipe. It will 
also include linings. 

As noted above, T. H. Wiggin is the general chairman of the committee. 
The secretary is C. C. Simpson, Jr., (Am. Gas Assn.), 4 Irving Place, New 
York, N. Y. 


— 

American Society of Civil Engineers 


—— The Telephone Group (Bell System and U.S. Ind. Tel. Assn.) 
Representative of A. W. W. A.: 
Frank A. MARSTON 


This committee is coéperating with the Division of Simplified Practice 
(U. 8S. Dept. of Commerce) in the standardization of design, material and 
dimensions of manhole frames and covers. The general chairman is L. B. 
Fish, (Bell System) 195 Broadway, New York, N. Y. 


m A40—PLUMBING EQUIPMENT, STANDARDIZATION OF 


American Society of Mechanical Engineers 


American Society of Sanitary Engineers 


Representative of A. W. W. A.: ‘ 
Water S. L. CLEVERDON itsetord oft 


The general chairman of this committee is W. C. Groeniger, (A. 8. 8. E.), 
‘ 3250 A. I. U. Citadel, Columbus, Ohio. 
B2-1919—pIPE THREAD woh 


American Society of Mechanical Engineers 


Representatives of A. W. W. A.: 
Wituiam W. W. D. Sizer 


The general chairman of this committee is Alten 8. Miller (A. G. A:), 80 
Westcott Rd., Princeton, N. J. 


: 
tte 
, 


B16—PIPE FLANGES AND FITTINGS 
American Society of Mechanical Engineers 


_ G8—zINC COATING OF IRON AND STEEL, SPECIFICATIONS FOR 


OFFICERS AND COMMITTEES [J. A. W. A 


_ Heating, Piping and Air Conditioning Contractors National Association 
Manufacturers Standardization of the Valve and Fittings Industry 


Representatives of A. W. W. A.: 
FrRaNK A. BARBOUR W. 


The general chairman of this committee is Collins P. Bliss (A. S. M, E.), 
New York University, New York, N. Y. " 
B31—PRESSURE PIPING, CODE FOR 
American Society of Mechanical Engineers 
Frank N. SPELLER 


The general chairman of this committee is Edwin B. Ricketts, New York 
Edison Co., New York, N. Y. 


B36—DIMENSIONS AND MATERIALS OF WROUGHT IRON AND WROUGHT 


STEEL PIPE AND TUBING, STANDARDIZATION OF 
American Society of Mechanical Engineers 


American Society for Testing Materials 


Representative of A. W. W. A.: 
Frank N, 


The general chairman of this committee is Harold H. Morgan (A. 8. T.M. 
2200 Insurance Exchange Bldg., Chicago, Il. 


C1—NATIONAL ELECTRICAL CODE 
National Fire Protection Association = 


Representative of A. W. W. A. on Article 9, Sub-Committee on Grounding: 
CuarLes F. MEYERHERM 


The general chairman of this committee is A. R. Small, 109 Leonard St., 
New York, N. Y. 


American Society for Testing Materials 
Representatives of A. W. W. A.: 


R. S. Dean R. C. Ewry 


The general chairman of this committee is J. A. Capp, (A. 8S. T. M.), General 
Electric Co., Schenectady, N. Y 
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723—-SIEVES FOR TESTING PURPOSES, SPECIFICATIONS FOR 
American Society for Testing Materials 
National Bureau of Standards (U. 8. Dept. of Commerce) 


Representative of A. W. W. A.: 
Gorpon M. Farr 


The general chairman of the committee is L. T. Work (A. S. T. M.), Colum- f : 
bia University, New York, N. Y. 


COMMITTEES OF THE NATIONAL FIRE PROTECTION ASSOCIATION 
ELECTRICAL CODE 


identical 


Fire protection and prevention for summer homes in forested areas. nettods — me 


i 

P HYDRANTS, VALVES AND PIPE FITTINGS _ otek 

Representative of A. W. W. A.: Sn 7 

Frank A. BARBOUR 

y PUBLIC WATER SUPPLIES FOR PRIVATE FIRE PROTECTION = 


Nicuo.as S. Hitt, Jr. 


Including the uniform marking of fire hydrants. to 


Representative of A.W. W.A.: ted fo 


TANKS 


J 
_| 
E.), 
rk 
IT 
i 


,° ABSTRACTS OF WAT! ER WORKS LITERATURE 


“t FRANK HANNAN 


Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


The Changes in the Composition of Natural Waters. A. Massinx and L, G. 
M. Baas-Beckine. Ree. trav. chim., 53: 1047-60, 1934. From Chem. Abst,, 
29: 259, January 10, 1935. Method is presented whereby composition of 
natural water can be represented graphically on triangular diagram, as used 
by Roozesoom. Verticesare taken to represent sodium (including potassium), 
calcium, and magnesium, so that their respective proportions are represented 
by a single point. Second point represents anion composition, vertices now 
being taken as chloride, bicarbonate, and sulfate. When successive sets of 
data are plotted on diagram, trend of change in composition can be seen at 
glance. Method is given for estimating composition of water from conductiy- 
ity.—R. E. Thompson. 


Fluorine in Drinking Water. Rogerio A. TreEeLies. Semana méd, 
(Buenos Aires) 1934, II, 1054-6. From Chem. Abst. 29: 261, January 10, 1985. 
Method of Casares and Casares (cf. C. A. 25: 550) gives slightly positive 
values even in absence of fluorine, if sulfate is present. It cannot be used for 
natural waters.—R. E. Thompson. 


Mode of Action of Substances Hindering (Corrosive) Action in Cleaning 
(Sheet Iron). G. Leyeunre. Compt. rend. 199: 1396-7, 1934. From Chem. 
Abst. 29: 1047, February 20, 1935. Action of gelatin has been examined by 
determining loss of weight at varying temperatures (50-100°) of iron plates 
immersed in 10 percent sulfuric acid solution, made normal in ferrous sulfate, 
to which 0.5 to 2.0 percent gelatin had been added. Within these limits, rela- 
tive diminution in corrosion is independent of gelatin concentration and in- 
creases rapidly with temperature. It is attributed to increased overvoltage 
caused by gelatin, which raises discharge potential of H-ions by 0.04 to 0.08 
volts and so diminishes polarization of metal, opposing discharge of H-ions 
and hindering passage into solution of ferrous ions. Cf. C. A., 20: 919.— 
R. E. Thompson. 


A Review of Cathodic Protection of Pipe Lines. A. F. Bripar. Western 
Gas, 10: No. 11, 12-5, 40, 42, 1934. From Chem. Abst., 29: 438, January 20,. 
1935. It has been demonstrated beyond question that negative potential of 
0.2 volt (net), pipe to soil, will effectively prevent corrosion. There is also 
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some evidence indicating that negative voltage of any magnitude will aie, 
Effect of drainage upon resistance of coatings is discussed. Tentative conclu- — 
sion is reached that ultimate economic success of cathodic protection projects — Es 
frequently depends on preventing continued deterioration of coatings after — 
drainage is applied.—R. E. Thompson, 


Electrical Conductance of the Natural Mineral Waters. I. The Mineral 7 i fs 

of Vrnjacka Banja. Panra S. Turunpzuié. Bull. soc. chim. Yougoslav., 4: = : 
145-53 (in German 154-5), 1933. From Chem. Abst., 29: 535, January 20, 1935. be é 
Examination shows that electrical conductance ot amount of dry residue are wee s 


definitely related, Factor F, expressing relationship, is the same for waters . 

of similar average composition, regardless of total concentration. This’could Bia 

serve as basis for classification and identification of natural mineral waters. — a ) 

P (experimentally found) could be used not only for determination of tempo- | an 

rs mary changes in total concentration, but also for determination of eventual — ; 
ail hanges in proportion of separate mineral components,—R, #. Thompson. 


Sterilization of Water by the Oligodynamic Action of Silver. G. J OACHIMO- 
atu and N. Kuissiunis. Praktika (Akad. Athenon), 8: 197-201, 1933. From a 
Chem. Abst. 29: 535, January 20, 1935. Hs. coli washed in sterile distilled — 
water is killed by immersion method. Addition of sodium chloride, sodium 
sulfate, potassium nitrite, and potassium nitrate greatly lessened antiseptic __ 
action. Sewage with 0.01 gram ammonia per liter and distinct hydrogen sul- 
fide reaction showed effects of antiseptic action first in dilution of 1:80. — 
Method is most efficiently applied to relatively pure waters.—R. BE. Thompson. : 


H. vAN DER MEULEN. a Weekblad, 31: 558-61, 1934. From Gon 

Abst., 29: 703, February 10, 1935. Differential analysis of chloramine-T Sd 
and sodium hypochlorite is possible by reaction with hydrogen peroxide; — (oe. 
former reacts very slowly in alkaline solution at room temperature. At “oo 
90°, chloramine-T reacts completely with hydrogen peroxide; remaining per- a es 
oxide can be removed by adding osmium tetroxide as catalyzer. Presence of a ‘S 
sodium chloride promotes reaction. Method worked out on basis of many a 
experiments is :—(a) to 25 cc. solution of less than 0.1 normal strength are added 


minutes in stoppered bottle, mixture is diluted with 50 cc. water and iodine _ 
titrated with 0.1 normal thiosulfate to give chloramine-T + hypochlorite P: 
+ chlorite + bromate; (b) to second portion of 25 ce. are added 5 ce. normal — 
sodium hydroxide and 10 cc. normal hydrogen peroxide, mixture isshaken,and __ 

1 ce. osmium tetroxide solution added to decompose excess peroxide; after3 
minutes, 10 ce. normal potassium iodide and 5 cc. 5-normal hydrochloric acid _ an 
are added and iodine is titrated to give chloramine-T + chlorite + bromate; ¢ 
(c) for determination of chlorite + bromate, 25 cc. solution is mixed with 5 cc. eh i 
normal sodium hydroxide, 10 cc. normal hydrogen peroxide, 5 cc. normal po- 
tassium iodide, 10 ec. saturated sodium chloride, and mixture heated fori 
minutes on water bath to 85-90°. Solution is then cooled, acidified with 5 cc. — 


5-normal hydrochloric acid and iodine titrated after 2 minutes to give chlorite — 
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+ bromate. Alternatively, the iodine-arsenious acid method can be used:— 
(a) 25 ce. solution and 10 ce. normal potassium bicarbonate are mixed with 5 
ec. 0.1 normal arsenious acid and titrated with 0.1 normal iodine solution 
(chloramine-T + hypochlorite) ; 25 cc. solution is decomposed with 5 cc. normal 
hydrogen peroxide in weakly alkaline solution, 1 cc. osmium tetroxide cata. 
lyzer added, then 10 cc. potassium bicarbonate, etc. (chloramine-T).—R. f. 
Thompson. 


The Blacher Method as Applied to Rapid Water Analysis for Purification 
Tests. Epmonp Leciercg and ALBert Jacques. Ind. chim. belg. (2), 5 
347-54, 1934. From Chem. Abst., 29: 861, February 10, 1935. Substitution 
of bromthymol blue for phenolphthalein and of bromcresol green for methyl 
orange is advocated.—R. E. Thompson. 


Oil in Boiler Water. J. H. Prarr. Repts. Assoc. Hawaiian Sugar Tech. 
: 13th Meeting, 1934, 185-95. From Chem. Abst., 29: 863, February 10, 1935. 
Since oil in boiler water is potential source of danger, oil determinations have 
been made on large number of samples. Amounts found ranged from 20 to 
649 p.p.m.; correlation between these results and visual evidence of oil ac- 
cumulated within boiler, or length of time boiler had been in service, or 
blow-down practice, or ratio between ‘‘total’’ and “free’’ oil, was not apparent. 
Neither was there any apparent relation between this ratio and proportion of 
unsaponifiable oil. Proportion of saponifiable oil was several times that in 
original lubricating oil, and tended to be lower in samples high in oil. There 
was no correlation between pH of water and total, or unsaponifiable, oil. 
Sludge present varied from 20 to 3600 p.p.m. and contained from 1 to 100 per- 
cent of total oil present. Oil-retaining capacity of sludge had no relation to 
pH of water, or to proportion of saponifiable oil. Sludges high in silica and 
ferric oxide, but low in magnesia, phosphate, sulfate, and organic matter, 
retained most oil. Ether extracted more oil from samples than chloroform.— 
R. E. Thompson. 


Estimation of Very Dilute Chlorine in Water. Lucien Leroux. Compt. 
rend., 199: 1225-6, 1934. From Chem. Abst., 29: 862, February 10, 1935. 
Reagent is prepared by adding 10 cc. 1:1000 fuchsin to 100 cc. 1:20 sulfuric 
acid and allowing to stand at least 1 hour before use; it keeps well. To 5Oce. 
water sample in layer 15 centimeters deep is added crystal of potassium bro- 
mide and 1 ec. reagent with 1 cc. acetic acid; any bromine liberated gives pink 
color. Estimation is colorimetric, calibration being easiest against aqueous 
potassium permanganate, which has identical tint. From 0.005 to 0.7 p.p.m. 
chlorine is thus determinable. Chlorine alone gives yellow color with reagent, 
but this is much less permanent and not suitable for less than 0.3 p.p.m. chlo- 
rine (cf. Dentcés and CuHE.te, C. A., 7: 1148).—R. E. Thompson. 


Methods for the Determination of Oxygen in Boiler Feed Water De-aerated 
by the Sulfite Method. R.B.Got’pina. Izvestiya Teplo-Tekh. Inst., 1934, 
6,43-5. From Chem. Abst., 29: 864, February 10, 1935. To 250-350 cc. sample 
are added 2 cc. of 33 percent sodium hydroxide and 2 cc. 40 percent manganous 
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sulfate solution. Mixture is shaken, left to settle for precipitation of man- 
ganous hydroxide and manganous acid, and 3 grams dry potassium bicarbonate - 

ig rapidly introduced, with subsequent resting period of 2 to5 minutes. Pre- 
cipitate is filtered through funnel with cotton wool and rinsed twice with 2 per- __ 
cent potassium bicarbonate solution; filtrate is tested for sodium aes ell 
Precipitate is then dissolved in 50 ec. 5 percent hydrochloric acid and filter — 
washed with 150 ce. water. To solution obtained are added about 0.3 gram 
dry potassium iodide and 0.5 cc. 0.5 percent starch solution: separated iodine 

is titrated with 0.01 normal thiosulfate to bluish color. Test for sulfite ion. 
Twenty cc. 5 percent hydrochloric acid is diluted with water to 100 cc. and 1 
ce. 0.5 percent starch solution, 0.5 gram potassium iodide, and 2 or 3 drops 
0.01 normal potassium dichromate are added. Two identical tubes are then 
each charged with 5 cc. above solution: to one is added 8 or 10 ee. of filtrate 
and to the other same amount of washing water from funnel. Solution should - 


not become discolored if sulfite ion has been removed by washing. Method 
was compared with WiNKLER method, latter giving slightly lower values— 
R. E. Thompson. 
a 


A Modern Water Purification Plant. M. J. Martin. Commonwealth 
Eng., 22: 37-42, 1934. From Chem. Abst., 29: 861, February 10, 1935. Main ; - ‘ 
features include :—aération, with or without prechlorination, coagulation with 
alum and lime, mechanical agitation and mixing to facilitate flocculation, <a 
a sedimentation, rapid sand filtration, and chlorination. Interesting feature is 
-_ multiple-unit enclosed sand filter which allows automatic washing of each bed 

in turn while other units are in operation.—R. E. Thompson. 
an Germicidal Activity of Available Chlorine as Measured by the o-Tolidine and ; 

‘Todometric Tests for Chlorine. W.L. Mich. 
Eng. Expt. Sta., Bull. 59, 15 pp., 19384. From Chem. Abst. 29: 1129, February _ 
—- 20, 1935. Amount of germicidal chlorine in presence of suspended material 
cannot be determined by either iodometric or o-tolidine methods of measuring 
available chlorine; of 2 methods, latter is more accurate; both methods measure __ 
not only free chlorine, but also part at least of inactive adsorbed chlorine. | 
Bacteriological test is only accurate method of measuring germicidal chlorine. 
—R. E. Thompson. 


a The Comparative Action of Sodium Hypochlorite, Chloramine-T, and Azo- 
chloramide on Organic Substrates. Atpert F. Guirpras and Franz C. 
Scumetkes. J. Biol. Chem., 107: 235-9, 1934. From Chem. Abst., 29: 1129, 
February 20, 1935. Rate of disappearance of available chlorine with various _ ipa 


chloramid’’) (III). Since latter was able nevertheless to kill bacteria within fs 

1 hour in solution containing 200 p.p.m. available chlorine without appreciable _ - 
loss of chlorine, it is much more useful as germicide in presence of organic ie 
matter than I or II. With tyrosine, maximum rate of decrease of availble ss 
chlorine from I was at pH 5, and from III at pH 7; but maximum rate of de- 


crease from III was only 10 percent of rate from I.—R. E. Thompson. 
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Removal of Color and Manganese from Water by the Excess-Lime Process, 
O. Vottmar. Gas- u. Wasserfach, 77: 773-9, 1934. From Chem. Abst., 29; 
1185, February 20, 1935. At Tolkewitz, cost of removing color with ugyg] 
chemicals would have been excessive. Aréation, to add oxygen and remoye 
excess carbon dioxide, and addition of lime (20 kilograms CaO per cubie meter), 
to give pH of 10 to 10.5, removed color, manganese, portion of carbonate hard- 
ness, and the bacteria. Addition of iron chloride (after lime) gave better 
flocculation of calcium carbonate. After filtration, water is neutralized with 
carbon dioxide.—R. E. Thompson. 


Water Purification System in Borga (Finland). GrorGCHRISTIERNIN. Tek. 
Foren. Finland Férh., 54: 295-7, 1984. From Chem. Abst., 29: 1185, February 
20,1935. Water is aérated by spraying into chamber where large amounts of car- 
bon dioxide are removed and iron partially oxidized, treated with lime (10 grams 
CaO per cubic meter) to neutralize residual carbon dioxide, settled 4 hours, 
and passed through rapid sand filters. Latter are cleaned by blowing with air 
to loosen sand and reversing water flow. Analyses of raw and filtered water 
show: iron 2.4 and 0.02 p.p.m.; manganese 0.08 and 0.00; carbon dioxide 396 
and 0.0; hardness 5.20 and 5.26; respectively.—R. E. Thompson. 


A Modified Van Slyke Method for the Determination of Oxygen and Carbon 
Dioxide in Water. R. B. Oxrstina. Physiol. Zoél., 7: 542-9, 1934. From 
Chem. Abst., 29: 1185, February 20, 1935. With 5-cc. samples accuracy of 0.1 
ec, carbon dioxide and 0.06 cc. oxygen can be obtained with VAN SLyke-NegILL 
apparatus and suitably modified reagents.—R. E. Thompson. 


Well Sand Filters. H. SrepHan. Gas- u. Wasserfach, 77: 830-2, 1934. 
From Chem. Abst., 29: 1185, February 20, 1935. Discussion of use of slotted 
filters for retaining sand filter bed and also new type filter with ‘‘tongues’’ of 
metal to hold larger particles of filter material away from openings, reducing 
flow resistance.—R. E. Thompson. 


Hygiene of Swimming Pools. Lucien Leroux. Rev. hyg. méd. prév., 56: 
599-611, 1934. From Chem. Abst., 29: 1188, February 20, 1935. Good pool 
water should not contain over 200 bacteria per cc., and Es. coli should be absent 
in 100 cc.—R. E. Thompson. 


A Micro- Color Test for the Manganous Cation. SmLim Auausti. Ann, 
chim. applicata, 24: 535-8, 1934. From Chem. Abst., 29: 1361, March 10, 
1935. To drop of Mn** solution on watch glass, add drop sodium hydroxide; 
let stand a minute, evaporate to dryness gently, and add 1-2 drops 1 per cent 
strychnine in sulfuric acid (66° Bé.). Blue violet color, changing to red, indi- 
cates presence of manganese. Sensitivity 0.18y.—R. EF. Thompson. 


Comparison of Some Presumptive Tests for the Coli-Aérogenes Group of 
Bacteria. Ivan V. SuHunx. J. Elisha Mitchell Sci. Soc., 50: 42-3, 1934. 
From Chem. Abst., 29: 1451, March 10, 1935. Pure strains of Escherichia coli 
and Aérobacter aérogenes produced gas in lactose broth and brilliant green 
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lactose bile, but only feebly, or not at all, in crystal violet or basic fuchsin 
broth. In presence of fluorescent bacterium, which has been found to lower 
oxidation-reduction potential, abundant gas is formed by Escherichia coli in 
dye broths mentioned.—R. E. Thompson. 


Occurrence of Mottled Teeth in Iowa. Cart T.Ostrem. Victor E. NEL- 
son, D. A. GREENWoop and H. A. WitHELM. Science, 76: 575-6, 1932. From 
Chem. Abst., 29: 1547, March 10, 1935. Mottled enamel occurs in various 
parts of Iowa, especially near Ankeny. Spectroscopic and chemical examina- — 
tions of water from wells in these endemic areas show presence of fluorine in 
varying amounts up to 15 p.p.m. Characteristic mottled enamel resulted i in 
experimental rats given suspected waters.—R. E. Thompson. uf 


| Removal of Fluorides from Water by Sand Filtration. S. P. Kramer. Sci- 
ence, 80: 593, 1934. From Chem. Abst., 29: 1547, March 10, 1935. Contact 
filter 15 centimeters high, made of river sated passing 60-mesh screen, to which ' 
had been added 2 per cent by weight powdered aluminum, removed 


Gee from solution containing 30 p.p.m. sodium fluoride. Absence of fluorine in . 
filtrate was determined by zirconium-alizarin colorimetric method.—R. E. 
Thompson. 


Practical Applications of Oligodynamic Action. Cur. W. 
ie om Weekblad, 31: 505-10, 1934; ef. C. A., 29: 827. From Chem. Abst. Psi 


Brtyarv. Zavodskaya Lab., 3: 462-3, 1934. From Chem. Abst., 29: 1737, 
March 20, 1935. High values for calcium and magnesium and correspondingly 
_low values for potassium and sodium, obtained in analysis of waters and soil 


extracts by PaLMER method, were traced to poor Russian filter paper.—R.E. — 
\ 


Thompson. 
Formation of Protective Layers on Copper. L.W.Haasz. Z. Metallkunde, 
26: 185-8, 1934; cf. C. A., 28: 7231. From Chem. Abst., 29: 1764, March 20, ni 


1935. Microscopie and chemivel examination of natural patina and artificial 
corrosion coatings on copper led to conclusion that protective agent is cuprous 7 
oxide in all instances. Micrographs show that the green compounds in patina — 
cover only small portion of total surface whereas cuprous oxide forms continu- _ 
ous layer. Chemistry of natural and artificial patina formation is discussed. — 
It is demonstrated that oxygen must be present in water for formation of pat- _ 
ina in pipes. Analytical procedure for determination of cuprous oxide in 5” 
such coatings described.—R. E. Thompson. ging 
Constitution of Rust. ANpr& Girarp and GreorGEs Cx AUDRON. Compt. 
rend., 200: 127-9, 19385: cf. C. A., 23: 4167. From Chem. Abst., 29: 1764, 
March 20, 1935. Iron in vacuum was partially submerged in water with layer 
of ferric oxide at bottom not in contact with iron. Reactions Fe + 2H,0 a 
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= Fe(OH), + Hz, and Fe(OH), + = FesO, + H.O occurred. Similar 
experiments without ferric oxide layer showed slow evolution of hydrogen, but 
such evolution is much greater in presence of ferric oxide, which apparently 
destroys equilibrium by removing ferrous hydroxide as formed, resultant Fe,Q, 
being inert and not further oxidized in air.—R. E. Thompson. 


Pollution of New York Harbor and the Hudson River. Ear.e B. Puenps, 
Sewage Works J., 6: 998-1009, 1934. From Chem. Abst., 29: 1914, March 20, 
1935.—R. E. Thompson. 


The Most Favorable Conditions for the Coagulation of Water from the Neva 
River. N. N. ANpreEv and E. S. Avronomova. J. Applied Chem. U, §, 
S. R., 7: 592-9, 1934. From Chem. Abst., 29: 1909, March 20, 1935. On addi- 
tion of alum in low concentrations (up to 43 p.p.m.) aluminum hydroxide is 
precipitated; at higher concentrations, basic salts are precipitated. Velocity 
of separation of insoluble compounds depends upon concentration. Insoluble 
compounds separate in colloidal state and continue to coagulate. The lower 
the concentration of coagulating medium, the higher the degree of dispersion; 
and the lower the content of electrolytes in water, the slower is coagulation, 
Most favorable concentration is 70 p.p.m. alum; at higher and lower concentra- 
tions coagulation is either slower or incomplete.—R. E. Thompson. 

The Coagulation of Potable Water with Aluminum Sulfate. N.N. ANDREEY 
and E. V. ANDREEVA. J. Applied Chem. U.S. S. R., 7: 600-4, 1934. From 
Chem. Abst., 29: 1909, March 20, 1935. If water is soft, small amount of 
highly dispersed aluminum hydroxide, formed from low doses, is unable to 
coagulate within the short period which technical conditions permit: it passes 
through filter and coagulation sets in later. Fairly large amounts of coagu- 
lant (for Neva River up to 70 p.p.m. and for Okhta River 40 p.p.m.) accelerate 
purification of water.—R. E. Thompson. 


Volumetric Determination of Calcium and Magnesium in Water (Micro- 
Method). A. I. Amrantrov. J. Applied Chem. U. 8. S. R., 7: 632-5, 1934. 
From Chem. Abst., 29: 1909, March 20, 1935. Volumetric determination of 
calcium and magnesium by centrifuging is more rapid than by other methods 
and results are equally accurate with gravimetric. Since recalculation to liter 
involves multiplication by 100, 2 determinations should be made and average 
used. If more than 250 milligrams of magnesia is present, determination 
should be repeated with less water. Method, which is illustrated, is suitable, 
because of its accuracy and rapidity, for boiler feed water analysis.—R. E. 
Thompson. 


tee", State Planning Boards Review Losses from Stream Pollution. Municipal 
Sanitation, 6: 12, 364, December, 1935. Reports of State Planning Boards 
and of Special Committee on Water Pollution emphasize the fact that pollution 
forms one of major water problems facing the States, by reason of property 
damage and health impairment where sewage treatment facilities are not 
provided.—R. E. Noble. 
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Property Damage From Water Pollution. Leo. Parker. Municipal Sani- 
tation, 7: 3, 97-98, 104, March, 1936. Higher Courts in different localities | 
have recently rendered several important opinions. Years ago, Courts based 
decisions upon existing customs and practices, denying to property cs 
right to recover damages for water pollution by custom established or where | 
complaining owners had acquired land with knowledge that water was polluted _ 
and would likely continue so. Modern Courts have, however, adopted quite | 
different opinions, as indicated in late case of HENDERSON v. Western Co., 51 — 
Pac. (2d) 126. Stream Polluted by Corporation. Corporation owning property 
on natural stream polluted it to detriment and damage of downstream riparian 
owners, who sued for damages. Corporation counsel proved that corporation  —__ 
had, to plaintiffs’ knowledge, been polluting stream for many years before they 
acquired the property. It was contended that plaintiffs, having secured the 
properties at depreciated values because of the pollution, were notentitled to __ 
damages. Lower Court, sustained by higher, held plaintiffs entitled to dam- _ 
a. Verdict given in part. State Law Held Valid. Courts have held that 
ee a municipal corporation cannot justify claim to right to pollute natural stream 
Ww aters. Riparian owners on natural streams are entitled to have the waters 
: preserved i in their purity. Hence it is that infringement, actual or construc- | 
tive, of this right of the downstream riparian owner, whether by action or by 
-_ jnaetion, whether on the part of individuals, of corporations, or of municipali- 
. tis is visited by the courts with restraint. Many state legislatures have re- __ 
ently enacted statutes which compel payment of damages to property owners i < 
whose natural streams are being polluted. For example, in WiLMORE v. © 
Cahin O’Mines, 44 Pac. (2d) 1024, plaintiff sued the corporation which had 
polluted the water on his land. Corporation denied liability, contending that 
pollution was a custom of many years standing, well known to plaintiff when 
he purchased the land. Higher Court held plaintiff entitled to damages. 
Decision given in part. Law of Damages. City is always liable in damages — 7 


water pollution, or other legal nuisance. Nor does the fact that only at great 
expense can trespass upon, or nuisance to, lands of private citizens be avoided, 
justify its continuance. While courts may refuse to enjoin a city from con- 
tinuing to pollute water, yet city will be held liable in damages for injuries a a 
resulting from such pollution. If elimination of further pollution is obviously _ 
practicable, then courts may enjoin city from continuing the pollution. Ifitis 
not practically possible to prevent pollution, court will cast city in damages 
reasonably equal to financial losses suffered by property owners. Should © 
damages equal the full property value, municipality may appropriate the © 
property and pay to owner its reasonable value. Valuation, if in dispute, ; 
may be referred to arbitrators, or to a jury. State laws frequently define, or wig 
limit, amount of damages. In one case (174 8. E. 272), where state law pro- be Bo 
vided that suits against municipalities should be filed within three years, acity — ie 
had been polluting water for many years. Property owner sued for damages, _ 
and court limited damages to amount suffered during three preceding years. 
Measure of Damages. Compensation may be based upon (1) the depreciated — 
value of the property; (2) actual financial losses sustained, such as crop loss, — 


injury to water supply, loss of live stock, etc. Generally compensation can _ 
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be recovered only on one source of loss. For illustration, in Nauvoo Black 
Creek Coal Co. v. Jounson, 160 So. 244, while plaintiff as result of pollution of 
stream, had suffered financial loss from reduced crops, cattle loss, and discom. 
fort of occupants of land, yet suit was based upon depreciation in property 
value. Lower court, sustained by higher, held plaintiff entitled to recovery, 
Decision given in part. Proof of Damages. Plaintiff suing a municipality 
for damages due to water pollution is obligated to prove conclusively that he 
actually suffered financial loss. For example, in Quarles, 47 Pac. (2d) 124 
plaintiff had leased out property for pasture purposes. On account of polluted 
stream running through property, tenant refused to pay rent, because land 
could not be used for pasturage. Owner sued to recover damages from corpora- 
tion polluting the water, but failed to establish conclusively validity of lease. 
Lower court held him entitled to damages, but higher court reversed decision. 
Federal Laws Strictly Construed. State courts usually construe United States 
laws and regulations regarding water pollution very strictly. In other words, 
unless U.S. laws and regulations clearly control the situation, state court will 
base decision upon state laws, or upon common law decisions derived from prior 
state higher court decisions and opinions. In Indian Territory Illuminating 
Oil Co. v. GranAM, 50 Pac. (2d) 720, re lands allotted to Indians, Congress had 
passed several Federal laws compensating ‘bona fide owner or lessee of the _ 
surface of the land’’ under rules and regulations prescribed by Secretary of 
Interior, which required that property owner should, within ten days after 
discovery of any damages, serve notice on the person, firm, or corporation 
which caused the damage. Another U.S. Statute provided that before prop- 
erty owner may sue for damages resulting from water pollution, he must sub- 
mit a written offer to arbitrate with the person, firm, or corporation, causing 
the damage. A cattle owner who neither owned nor leased land permitted his 
cattle to graze on Indian lands. The cattle died after drinking water from 
polluted stream. Cattle owner failed to give the required notice nor did he 
agree to arbitration. Higher court held Federal laws not applicable, and 
cattle owner entitled to damages. Decision given.—R. E. Noble. 


Underground Tanks for Village. Morrett Vrooman, Jr. Water Works 
Engineering, 89: 1, 12, January 8, 1936. Plandome, N. Y., a village of 900 
people, constructed a new well water system, with underground storage in 10 
hydropneumatic tanks of 150,000 gallons total capacity, elevated storage being 
rejected as unsightly. Tanks are arranged in two rows of five each. Con- 
erete and brick gallery runs across the two rows of tanks and encloses the 
valves and one end of each tank. Cost of tanks, including gallery, was $37,385, 
for storage of 150,000 gallons.—Lewis V. Carpenter. 


Debt Limit Exceptions. Leo T. Parker. Water Works Eng., 89: 1, 18, 
January 8, 1936. Higher courts have recently decided that a municipality can 
purchase a water system, even if to do so it must exceed the legal debt limit, 
provided that the bonds therefor are serviced out of revenue from the system. 
If tax receipts are exempt from liability in respect of the bond issue, it does not 
add to bonded indebtedness. Same rules apply to special indebtedness. 
Various courts have held that a bond issue for a water system in excess of in- 
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with aniron content less than 0.3 p.p.m. Pasteur Institute, however, objected 
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debtedness authorized by a state constitution is not a legal debt, if such debt 
is payable exclusively from revenues derived from sale of water. — 
speaking, both income and indebtedness of a municipality must be figured 
strictly on a yearly basis; disbursements in discharge of debts contracted in 
previous years do not rank legally as current expenditures. Courts a 
consistently held that the fact that a water company secures a charter to 
supply water to the public does not ordinarily impose on it the obligation to te 
supply water to all the public. If a proposed extension is apt to cause a finan- a - 
cial loss to the company, it is not required to make it. Sometimes a munici- a - 
pality takes over a water system and then extends the mains to other localities. a 
It is legal to charge consumers in these localities higher water rates than they — 
were paying before, if they accept the water without protest and new rates — 
are reasonable. Case is cited where city was furnishing water to consumers — 
in a town and billing them direct. The town took over the distribution sys- — 
tem, bought water from the city, and resold at a higher rate than the con- 


sumers had been paying the city.—Lewis V. Carpenter. 


French Indo-China Supply Secured Through American Methods. A. O. 
-BEAUCHEMIN. Water Works Eng., 89: 2, 67, January 22, 1936. For supply _ 
‘requiring 30 m.g.d., ‘‘Layne’’ well system was adopted, the biggest problem — 
[te the removal of i iron, which was as high as 80 p.p.m. Anopentypeiron 
removal and rapid sand filter plant produced a bacteriologically safe effluent, — 


to gravity plant on account of danger of contamination after treatment, and 
“Reisert’”’ pressure iron removal system was used. It consists of a vertical 
steel tank with upper and lower compartments. Upper chamber is a contact 
aérator in which compressed air is forced through the water and excess re- ee 
moved through a special air release valve. Water is then filtered under pres- _ 
sure in lower chamber. Twenty-nine wells were constructed and equipped __ 
with pressure iron removal units. Wash water is about 1 per cent as compared 
with 3 per cent in gravity plants. Labor being very ignorant, plants had to — 
be practically automatic.— Lewis V. Carpenter. 


Soviet Russia Develops Water Supply for an Automobile City. M. N. Sies- } Deas 
saREV. Water Works Eng., 89: 4, 180, February 19, 1936. City of Gorki,  — 
U.S.S.R., built a typical rapid sand filter plant fashioned after American plants § 
with some modifications. Plans were prepared in the United States, but e 
pumping units had to be modified, to suit local conditions. Cement joints Y a 
were used for cast iron pipe.— Lewis V. Carpenter. : 


| 


Selling Water by the Ton. E. W. Ciark. Water Works Eng., 89: 4, 187, 
February 19, 1936. Author suggests that water companies change over from 
present system of billing water on the 1000-gallon or 100-cubic-foot basis, to — 
the price per ton. Consumer would appreciate more what he is getting and 
could understand it better. Cost of delivering one ton of water at the tap 
is approximately ten cents.— Lewis V. Carpenter. 


Milwaukee Makes Its Own Repairs. H. P. BonMann. Water Works Eng., — 
89: 2, 72, January 22, 1936. Milwaukee has developed excellently equipped 
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shops at pumping stations and meter repair shops where all ordinary repair 
work can be done. All pump station operators are skilled machinists ang, 
by a system of rotation of help, there are at all times two men available fo, 
repair work. Meters are tested and repaired in a modern shop. Over 98 per- 
cent of services are metered.— Lewis V. Carpenter. 


Seattle Conducts Extensive Reforestation. H. D. FowLer. Water Works 
Eng., 89: 6, 302, March 18, 1936. Seattle’s watershed covers 91,500 acres, 
After disastrous forest fires in 1922 and 1923, City started reforestation and 
fire prevention program. Rainfall on watershed varies from 52.36 to 105.35 
inches per year, but most of it falls during rainy season. A nursery was estab- 
lished and in spring of 1935, 462,000 Douglas fir trees were planted. Fifty. 
three miles of fire protection roads have been constructed and are valuable 
for sanitary patrol also. Fires have been kept down to a minimum and 
with adequate fire patrols loss has been very small.—Lewis V. Carpenter. 


Greatest Financial Losses Occur at Low Meter Flows. A. T.CooK. Water 
Works Eng., 89: 3, 120, February 5, 1936. Author recommends that in a few 
selected houses graphic, accurate, recording meters be installed, so that the 
company can determine the rates and quantities at which water is used in 
one- and two-family houses. This he defines as the duty of the meters, 
Water department should know what per cent of the flow occurs at various 
rates, so that they may know at what range the meters should be efficient. 
In Passaic, one percent efficiency amounts to $75,000 per year. The two and 
three stream orifice method commonly used in testing is both slow and in- 
accurate; so inaccurate that tests made by this method are little more than 
guess work; it is independent of pressure. New machine was designed that 
eliminates the personal element in everything except reading the registration 
dials. Machine operates electrically; the only manual operation, besides 
placing the meter on the bench, is to throw two switches and operate the drain 
valve at end of run. Speed of this machine is several times that of ordinary 
testing equipment. An efficiency curve is shown which governs the purchase 
of meters by the department. Accurate rating of meters at low flow has in- 
creased sales by meters by from $70,000 to $80,000 per year. Plant accounted 
for increased water sales of 80 to 90 percent, when accurate testing of meters 
for duty was started.— Lewis V. Carpenter. 


Municipality Liability for Injuries. Leo T. Parker. Water Works Eng., 
89: 3, 130, February 5, 1936. Most state laws provide that no one may recover 
damages from a municipality for injury or death, unless public official had 
knowledge of the dangerous condition and authority to remedy it, but failed 
to do so within a reasonable time. Laws also state that the individual must 
use due care. Under ordinary circumstances, a municipality is liable for an 
injury sustained by a property owner, although such injury is sustained on his 
own property, if it results from the negligence of municipal employees in in- 
stalling water works equipment. It is also possible to have valid state laws 
which will relieve the municipality from such damages by making consumers 
responsible for all repairs on their property. Municipality is not liable in 
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damages for the action of governmental agencies, such as fire departments, — 
unless such agency becomes a nuisance. Courts have consistently held that, es 

in exercise of governmental function or police power, city is not responsible | ree ar : 
for wrongful acts or negligence of its officers or employees. However, a city Tad x 
is usually liable when conducting a water plant, because it has been held that = 
nature of this business is not governmental. Where no specific law covers 
the case, and injured person can prove that city officials could have prevented a ee 

the injury, damages are generally awarded. In cases where a pedestrian is  —_— 
injured in a seldom used street, courts have held that if street is available for _ 
any part of the public, city is liable-—Lewis V. Carpenter. ome 


Complete Treatment Provided at Rocky Mount, N. C., Plant. 
DisHNER. Water Works Eng., 89: 5, 240, March 4, 1936. A 3,000,000-g.p.d. — a 
filtration plant and a 1,000,000-gallon clemennd tank were constructed with ‘ 
W.P.A. funds. Plant has four filters with Wheeler filter bottoms (inverted __ 
pyramidal depressions, filled with porcelain balls) as strainer system. Flexi- : 
bility of operation has been featured in the design. Detailed description © te ms 


is given.—Lewis V. Carpenter. ate 


Parker. Water Works Eng., 89: 5, 250, March 4, 1936. Many courts ca 
lately held that the fair value of water property, which is and must be the 
basis for rate-making, is not necessarily synonymous with original construc- = 
tion cost less depreciation, especially so where original construction cost is = 
based on abnormally low prices, and that company is entitled to be benefited 
by increased prices due to more prosperous times. Many water companies a 
have bought farms and other tillable ground which they have later abandoned 
to growth of weeds or brush, as better serving the purposes of the water com- ine 
pany in that condition. Courts have held that water company is entitled to _ 
hold these properties at a value sufficiently high to assure that these lands 
will be retained for the public service to which they are now dedicated against 
any and all uses which might reasonably be expected to compete for occupancy 
of such land. A recent court decision held that a valid binding contract 
between a water company and city results from passage of an ordinance grant- 
ing a franchise to the water company to construct and operate a water works 
plant, upon condition that water rentals shall not be in excess of the rentals 
stated in the franchise contract. In the franchise, $55 per hydrant was speci- - 
fied as maximum rental. Company started by charging $35, but later raised _ 
their charge to the maximum. Court sustained the increased charge. A Pub- 
lic Service Commission has such powers as are designated to it by the Legisla- 
ture. Many courts have held that rate-making is a legislative function in 
which the courts are not concerned, so long as rights guaranteed by the con- ‘ 
stitution are not invaded, except to see that delegated powers are lawfully _ 
exercised. The Public Service Commission is a ministerial body established 7 ™ 
by the Legislature for the purpose of ascertaining facts and carrying into effect _ 
legislative rules concerning rates and charges.— Lewis V. Carpenter. 


Meter Shop Practice. Morrison B. CunninaHaM, Southwest Water — 
Works Jour., 17: 12, 11-12, 1936. Excellent discussion on the selection of 
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meters; when to bring meters to the repair shop and how to repair.—0, y 
Smith. 


The State and City Water Works. E. W. Street. Southwest Water Works 
Jour., 17: 12, 14-15, 1936. Rights exercised by city are delegated by the state; 
upon the state rests the duty, through its various departments, to formulate 
laws, to give advice and information, and to educate. Certification of water 
and sewage works employees is a form of civil service that has many advap- 
tages.—O. M. Smith. 


The Use of Activated Carbon. L. C. Bitiincs. Southwest Water Works 
Jour., 18: 1, 26, 1936. Specifications and qualities of good carbons are given 
in detail. Methods of using carbon are reviewed.—O. M. Smith. 


Health Department Unable to Fix Cause for Ohio Epidemic. Anon. Water 
Works Engineering, 89: 6, 318, March 18, 1936. Over 1,000 persons at Coshoe- 
ton, Ohio, became suddenly ill, press notices alleging contaminated water as 
the cause. For practically a month preceding February 14th, very eold 
weather prevailed and on that date a rise in temperature resulted in general 
thaw of ice and snow. On February 18th and 19th, Coshocton reported preya- 
lence of intestinal illness of epidemic proportions, outbreak affecting some 600 
school children and 900 adults uniformly distributed over the city. Neither 
milk nor food could not have been responsible. Local medical opinion was 
found to be divided as to whether outbreak was of influenza type, or was such 
as would develop from contamination of the water. Water supply is from a 
group of wells, and during 1935 floods well field was submerged. It is possible 
that some flood waters may have seeped into wells. A chlorinator was in 
operation at all times. Six cross-connections with industrial supplies were 
found; but there were no broken mains, or fires, for 15 days prior to the epi- 
demic. Bacteriological analyses on 20th and 23d of February were reported 
as negative for presence of B. coli. Health department was unable to assign 
a cause for the outbreak.— Lewis V. Carpenter. 


A Century-Long Struggle for Deep Wells at Paris, France. Jouwn R. 
CHARLES. Water Works Engineering, 89: 7, 358, April 1, 1936. Historical 
résumé of early development of deep wells. In 1729, treatise was published on 
wells. In 1830, a well at Tours was drilled to depth of 460 feet. Paris started 
a well 2,500 feet deep, which was completed after 10 years at cost of $80,000. 
Some wells have cost over $500,000 and lasted only a few years with small 
flows. One well, started in 1863, first yielded water in 1901 and had to be 
repaired in 1934.—Lewis V. Carpenter. 


Is your Salary Exempt from Federal Income Tax? Lro T. Parker. Water 
Works Engineering, 89: 7, 367, April 1, 1936. Higher courts have consistently 
held that government is not prohibited from taxing the instrumentalities of a 
state, or of a political subdivision of a state, where these are employed in 
exercise of a proprietary function for profit. Author reviews recent court 
decisions holding employees of a municipally-owned water plant liable for 
payment of income tax on their salaries.— Lewis V. Carpenter. 


> 

ae 
4 
he 
AS 
ai 
2) 
=. 
2% 
a4 

AR ae 

2 

a! 

| 
+ 


‘Water Works Engineering, 89: 9, 482, April 29, 1936. To cope with shifting 
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Thawing Frozen Services During a Severe Cold Spell. Crem A. GALLAGHER. 
Water Works Eng., 89: 424, April 15, 1936. From January 30th to March 3d 
1936, one service in every 70 in Louisville, Ky., was frozen and had to be thawed 
out electrically. Either a transformer or a welding machine was used. Aver- 
age time for thawing was 20 to 30 minutes. Ordinary anti-freeze, such as is 
used in automobile radiators, was found most satisfactory for thawing fire 
hydrants. No less than 2964 frozen meters had to be returned to the shop 
and many more were thawed on the job. Author recommends that in place of 
exchanging a meter during severe cold spell, nipple should be inserted and 
estimated readings used until meter is reinstalled after some days of warmer 3 


weather.— Lewis V. Carpenter. 


Lime Slaker Requirements Based on Operating Results and Tests. H. i: a 
Hartune. Water Works Engineering, 89: 8, 433, April 15, 1936. Based upon : 
experimental work, St. Louis Water Company drew up their own specifications a 
for lime slaker. Principat points covered include:—(1) it shall operate - P 
temperature of 180°F.; (2) it shall have 30-minute detention capacity; (3) tem- ee 4] 
perature shall be controlled within 30°F. by thermostatically controlled water — i 
valve; (4) it shall be so insulated that temperature drop shall not be greater aS 

than 3°F. under ordinary conditions; (5) effective dust removal shall be pro- @ , 

vided; (6) method of clinker removal ‘shall be simple and shall not remove un- 7. Fh. 

slaked lime; (7) effluent must pass through 3-inch screen; and (8) it must = z 
ae so constructed that short circuiting of lime from inlet to outlet i is prevented.— sas 


Lewis V. Carpenter. 


Flood Proof Plant Has Many Novel Features. Everserr C. Hanporr. | 


of channel of the Ohio river at Uniontown, Ky., novel pumping unit has been “¥ 4 
evolved, mounted on a trailer carriage and set on inclined track. Hand- a 
operated crab and cradle attachment provides means of locomotion. At flood a 
stages, pumping duty is taken over by auxiliary unit stationed on high ground. 
Traveling pump discharges through vertical headers into pipe line laid adja- ia : 
cent to inclined track. Power for pump is furnished from underground sub- 
marine power cable, motor control switch being located in filtration plant. 
Mixing is effected by series of baffles, arranged in box fashion. Sedimentation 
basins are circular, with conical sloping bottoms. False bottoms of filtersare __ 
constructed of concrete blocks, in which are formed for drainage purposes — 
inverted cones, or cells, 7 inches wide at top and 1} inches at bottom. — 
copper pipe connecting each cell to area underneath is surmounted by special 
glass cap fitting into the cell.—Lewis V. Carpenter. 


City in Missouri to Operate Mineral Water Resort. B.S. Aunutr. Water | 
Works Engineering, 89: 9, 487, April 29, 1936. Excelsior Springs, Missouri, is _ 
constructing bath houses, swimming pools, and other accessories to develop- 
ment of municipally-operated mineral spring resort.— Lewis V. Carpenter. 


Chloramines Simplify Sterilization of Asheville, N. C., Water. W.J. Parks, te 
Jr. Water Works Engineering, 89: 10, 536, May 13, 1936. enti a 
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is obtained from an uninhabited, fenced watershed and was not treated. 
Occasional presence of B. coli in distribution system led to adoption of chlorg. 
mine treatment, which costs $0.423 per million gallons, During year 1935, not 
a single gas former was found and agar count averaged 5.9 bacteria per eg, 
During the winter, complaints of chlorinous tastes led to investigation which 
showed that tastes were due to oxidation of old deposits in mains and services, 
They were particularly noticeable in buildings where plumbing was old. After 
about 10 days the tastes disappeared and it was assumed that the deposits 
which had accumulated prior to chloramine treatment had been completely 
oxidized.— Lewis V. Carpenter. 


Salt in Drinking Water Prevents Heat Prostration. Anon. Water Works 
Engineering, 89: 10, 543, May 13, 1936. Experiments at Boulder Dam showed 
that need of human body for salt increases materially during very hot weather, 
When the men were given plenty of water without any ad: ed salt, they had 13 
deaths from heat prostration; but after a small amount of salt was added to 
the water, not a single death occurred.— Lewis V. Carpenter. 


The Aesthetic Enters the Water Field. Samurn A. Evans, Jr. Water 
Works Engineering, 89: 11, 626, May 27, 1936. In planning of the water 
supply for Los Angeles much attention was given to proper landscaping. The 
department has its Article describes methods of landscaping.— 
Lewis V. Carpenter. jal hada brag 


NEW BOOKS 


Water Purification Control. Epwarp S. Hopxins. Second Edition. 
Williams & Wilkins, Pub. 1936, 184 pp. Two outstanding merits of this 
volume are that it is thoroughly modern and up-to-date and that it states in 
concise terms the principles of water purification as practiced in well operated 
filter plants. Practically all extraneous matter such as chemical formulae, 
engineering descriptions and similar data—of great importance to the student 
but to be found readily in other volumes—are omitted and the author, in each 
chapter, plunges immediately into purification control, assuming that the 
reader already has a fundamental knowledge of the subject and is familiar 
with the physical features of filter plants. Citations and references to current 
literature are many, with but few such references to earlier works and papers. 

In his second edition this same treatment is followed. The volume carries 
two new chapters; one a summary of the history of filtration, and the other a 
review of modern water softening methods, contributed by R. C.Bardwell, 
Superintendent of Water Supply for the Chesapeake and Ohio Railway Co. 
Included, also, are many revisions and additions to the original text, more 
especially in those chapters dealing with coagulation and disinfection. 

In the chapter on coagulation additional references are made to a labora- 
tory-built potentiometer for coagulation control, similar in principle to that 
used in the correction of corrosion; to lime and iron for the removal of man- 
ganese, and of pyrolusite for the same purpose; and on color removal through 
the use of iron salts. Alignment charts for pH, alkalinity and CO:, and a 
chemical calculation chart, are new features. 


1664 
1666 ABSTRACTS OF WATER WORKS LITERATURE  [J. A. W. wW,4 


4 
d 
Ze 
- 
= 
J 
on 
a 
ay 
3 
= 


yOL. 28, NO. 10] ABSTRACTS OF WATER WORKS LITERATURE 


Under sedimentation, additional discussion is given on the value of pre- _ 
sedimentation, and on proper mixing and flocculation prior to subsidence; and u 
on the guide vanes of the settling basins at Detroit. ; 

Under filtration new discussion is included on anthracite as a medium, on ie. 
surface wash, and on the studies of Lawrence at Cleveland on viscosity of wash re 
water which resulted in a considerable reduction in the use of such water. ; 

The chapter on disinfection has been largely rewritten, with discussion on ee 
the influence of the pH on speed of reactions, on chloramines and their reaction pi 
velocities, on Streeter’s experiments on load limits, on interfering substances, Ty 
on safety devices, on the use of ton containers for chlorine, and on condensa- he 
tion difficulties. The cause of death of gold fish in public supplies, which has is 
significance, from a public relations viewpoint, is explained. ; ; 

The tastes and odors chapter contains new information on algae, on chlora- 
mines and activated carbon for the control of these difficulties, with discussion _ 
of points of application and antieipated results. Fes 

A great many of the smaller filter plants, according to the observation of the 
reviewer, still are operated on a non-technical basis and even some of the —s_—© 
larger plants use antiquated and rule-of-thumb methods for the control of the | ar: 
manufacturing processes involved in water purification. To the operatorsof _ 
such plants, Hopkins’ summaries should be invaluable. For the modern © 
operator, well versed and informed on recent developments, the volume should 
serve as a ready reference for up-to-the-minute practice. Regardless of =~ 
whether or not the reader is in complete accord with all of the conclusions 
reached—and there should be few exceptions—‘‘Water Purification Control” _ 
deserves a place in the library of every water works operator.—I. M. Glace. 


Dams. A Bibliography of Books, Periodicals and Society Publications it 
Appearing from January, 1924 through March, 1936. Compiled by ALvaNn W. _ 
Cuark, Librarian, Engineer School Library, The Engineer School, Fort ie 
Belvoir, Virginia. 1986. Price $0.75. ae 


The Chemists Year Book, 1936. E. Horn, Editor, published by Sherratt & * 
Hughes, Manchester, England, The Chemical Publishing Company, New | 
York. 1257 pages including index, price $6.00. This is the eighteenth edition __ 
of this valuable Chemists’ Handbook which, like the past editions, has been 
prepared by a notable group of English collaborators. Many of the chapters _ 
in the present edition have been greatly revised. In the general style of the __ 
text and the chemical data included, it is comparable with contemporary 
handbooks in this country. There is, however, more emphasis on methods of __ 
technical analysis, and less on physical tables. Much new material onorganie 
and inorganic compounds has been added. The portions of the text relating 
to tanning materials, leather analysis, essential oils, dairy products and alka- ie 
loids have been very largely revised and a new section has been included relat- = 
ing to the analysis of sulphuric acid treated oils, alcohols and wetting ma- © 
terials. The text is very well arranged and adequately indexed.—Sheppard _ 
T. Powell. 


Annual Report of the Bureau of Sanitary Engineering, Maryland State Depart- 
ment of H ABEL WoLMAN. 20pp. Extensive activities in various — 
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fields are reviewed. Value of work represented in plans submitted for ap- 
proval totaled approximately $5,037,000. Owing to several epidemics, dye 
primarily to carriers, typhoid incidence was somewhat higher than in 1934, 
death rates per 100,000 being 2.6 and 3.6, inclusive and exclusive of Baltimore, 
respectively, compared with 2.4 and 3.4 in 1934. Percentage of population 
served by public water supplies is now 75.2, 71.2 percent being supplied with 
treated water. Sewerage systems serve 72.1 percent of population and the 
sewage of 64.5 percent receives some form of treatment. Brief details are 
given of new works and extensions completed during year. Study was made 
of operation of new Burnt Mills water treatment plant of Washington Syb- 
urban Sanitary District and it was found to be efficient. Plant consists of 
aérators of aéro-mix type, rectangular sedimentation basin providing 8 hours’ 
detention, and four 1.25 m.g.d. filters, coagulation basin (55 minutes’ deten- 
tion) and filtered water reservoir constructed of steel, cylindrical in form and 
arranged concentrically. Alum is added at rate of 2.2 grains per gallon prior 
to entry into first basin and at rate of 0.2 grain per gallon prior to secondary 
settlement. Activated carbon, 0.1 grain per gallon, is also added at latter 
point. Second 5-m.g.d. filter plant is under construction. Efficiency of 
Pines-on-Severn iron removal plant was improved and required lime dosage 
reduced by using alum as coagulant and placing coke in aérator trays. At 
Sparrows Point, lime dosage required for iron removal increased hardness to 
point where scale was deposited in locomotive boilers. Experiments showed 
that ferric sulfate used in conjunction with lime would completely remove iron 
at pH that could be tolerated in boilers. Outbreak of diarrhea occurred in 
this community which evidence to date indicates was due to contamination of 
water supply. Studies on industrial waste disposal were chiefly confined 
to wastes from distilleries. Methods of treatment include use of triple and 
quadruple effect evaporators and spray drying. Investigation was made of 
excessive mortality of eggs and fry at fish hatchery. Two sources of supply of 
practically identical composition are employed, one from stream, the other 
from spring; latter only causing trouble. Reduction of free carbon dioxide 
from 50 to 5 p.p.m. by aération did not remedy condition and treatment with 
lime was also unsuccessful. It is thought that action of free carbon dioxide 
on steel pipe used to convey water may be responsible. Included are brief 
details regarding Upper Potomac River Commission created in 1935 and also 
regarding projected program for sealing abandoned coal mines.—R. &. 


ar tin of to and fran for the 
far arene perp} ar polor 


2 
ub 
= 
3 U 
- 
awe 
= 
fi 
| 
3 
we 
t 
pe 
5 


